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REVIEWER RECEIPT DATES: 02-08-89 and 06-27-96

SPONSOR: Neurex Corporation,
Menlo Park, CA 94025

DRUG: Proprietary Name: Corlopam™, injection.
Generic Name: fenoldopam mesylate

Q

Chemical Structure:

Fenoldopan

6-Chloro-2,3,4,5-tetrahydro-1-(4-hydroxypheny1)-
1H~3-benzazepine-7, 8-diol methane sulfonate

MW: 401.87 for the salt.

PRESENTLY PROPOSED FORMULATION: Fenoldopam mesylate will be supplied as a
solution for intravenous (iv) administration, containing 10 mg/Ml in single-dose vials of 2.5
and 10 ml. Before administration, the formulation must be diluted with 0.9% Sodium
Chloride Injection USP or 5% Dextrose Injection USP. Excipients: Sodium Metabisulfite NF;
Sodium Citrate, USP; Propylene Glycol, USP; and Water for Injection, USP.
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PHARMACOLOGICAL CLASS: Vasodilator with postsynaptic dopamine (DA,) receptor
agonist activity.

PROPOSED INDICATION: For short term treatment of hypertension crisis when oral
therapy is not possible.

RECOMENDED DOSAGE: The initial dose for fenoldopam is 1.0 mg/hr(= 0.24pg/kg/min
for a 70 kg patient) administered by continuous i.v. infusion. Increases in the initial infusion
rate should not exceed the previously mentioned dose. The maximum recommended dose for
fenoldopam is 7.0 mg/ (= 1.67 pg/kg/min for a 70 kg patient).

RELATED INDs:

BACKGROUND: This NDA was originally filed by in 1988. The nonclincial
pharmacology and customary toxicology data were reviewed and considered sufficient to
support the safety, with several labeling recommendations, of fenoldopam mesylate for human
use. However, clinical data were not considered sufficient for approval. And, in 1991

this NDA was withdrawn.

Briefly, in 1993 Nuerex acquired rights to this drug. Neurex is proposing the drug for iv
administration for short term treatment in hypertensive crisis. Neurex asserts that the original
specifications proposed for fenoldopam mesylate solution for iv infusion ampoule product are
“indentical” to those for the vial product originally submitted by with the exception
that “the limit for the des-chloro fenoldopam" degradant product has been
increased from 0.3% to 0.6% because this is allows for the 0.2-0.3% deschloro fenoldopam
formed during the step. -

On the proposed label, the maximal prescribed dosage of fenoldopam mesylate in human
patients is = 1.67 pg/kg/min for 24 hours. Thus, based on a 0.6% specification for the
degradation product the maximal amount that would be administered to a 70
kg patient might be expected to be = 0.01 pg/kg/min.

The firm is relying on the previously submitted/evaluated nonclinical studies with
fenoldopam, but has submitted one new iv nonclinical study in rat in wich fenoldopam
mesylate containing 2 levels (0.1% and 5%) of the deschloro fenoldopam degradant was given
by infusion to rat for 24 hrs. The purpose of this study was to investigate the effects of
fenoldopam mesylate with higher levels of the degradant product than those specified for the
final drug product.
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NEW NONCLINICAL STUDIES:

¢ Rat: 24-Hr IV Infusion Study with Fenoldopam
Product Deschloro-fenoldopam - (Vol.2)

Testing Facility:

Study Number:
GLP Compliance;

TPO18VD

No statement found.

Containing Degradant

Animals: Sprague-Dawley (CD-VAF) rats. Both sexes, 10 wks of age.
M- 366-427g. F- 219-259g at beginning of study.
Study Design:
Study Design
Dosage rate
Group (up/kg/min) Number of rats
1 0 (vehicle; 10% propylene
glycol in 0.9% saline) 6M/6F
I 25 (99.9%
+0.1% Lok 6M/6F
m 25 (95%
+ 5% 6M/6F
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Drug Sponsor’s Rationale for Dose Selection

Drug sponsor states that lots of administered in earlier iv toxicology studies
contained the degradant product . " at concentrations ranging from 0.07 to 0.1%.

In the proposed label, the maximal prescribed dosage of fenoldopam mesylate in patients is
1.67 pg/kg/min for 24 hours (= 7 mg/hr assuming a 70 kg patient). Specifications for the
proposed formulation of fenoldopam are anticipated to include up to 1% of the degradation
product Thus, the maximal amount of the degradation product
administered to humans would be expected to be = 0.016 pg/kg/min.

Drug sponsor reports that in a previous 24-hour iv infusion studies in rats administered 1 up
to 100 pg/kg/min containing 0.1% (or

up to 0.01 pg/kg/min) demonstrated medial hemorrhage and necrosis in the arteries of the
pancreas, mesentery, stomach, intestine, ovary and kidney; arterial lesions occurred in 50 to
80% of those rats infused with 1, 5, 25, 50 or 100 pg/kg/min for 24 hours. Thus the NOAEL

for arterial lesions in rats appears to have been at = 0.1 pg/kg/mir. __. infused for
24 hours. To confirm this observation and as a positive control in this new study, one group
of rats received 25 pg/kg/min containing = 0.1% (0.025

pg/kg/min); Group II).

Another group of rats received 25 pg/kg/min ~ containing 5%

(or 0.75 pg/kg/min; Group III) to test in the event that concentrations of the degradant is

increased to 1%. Thus, rats treated with 25 pg/kg/min fenoldopam containing 5% =

, assessed the effect of a 50-fold increase of (5% vs. 0.1% previously
tested).
The 5% concentration of . administered to the rat in conjunction with
25 pg/kg/min fenoldopam equals =1.25 pg/kg/min . This dose ot

is estimated to be = 78 times greater than what would be achieved with infusion of
the maximally prescribed dosage of fenoldopam containing 1% of the degradant product
(1.25 pg/kg/min vs. 0.016pg/kg/min the maximal amount for a 70 kg patient) in humans.

Mode of Administration of Fenoldopam mesylate/Degradant Product -

Fenoldopam mesylate was administered via a tail vein through an indwelling catheter. A
constant infusion rate of = 5 pl/min was maintained using an infusion pump. The total
volume delivered to each rat in (5 pl/min x 1440 min/24 hrs).

Drug sponsor states that Group I rats (controls) were infused with 10% propylene glycol
vehicle prepared by diluting 50% propylene glycol vehicle 1:4 with 0.9% saline.

Daily drug preparation for Group II rats consisted of combining 500 mg fenoldopam (as
base), which contained 0.1% with 10 ml of 50% propylene glycol vehicle.

A LR R AR R
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This 50 mg/ml solution was diluted with 1:4 with 0.9% saline in order to prepare a stock
solution of fenoldopam which has a concentration of 10 mg/ml in 10% propylene glycol
vehicle. To achieve a dosage of 25 pg/kg/min, this stock solution was further diluted with
10% propylene glycol vehicle to obtain the final infusion concentration for each rat based on
body weight. (For example, a 0.4 kg rat was infused with a 2 mg/ml solution at a rate of 5
p/min for 24 hours.) ,

Group III rats were treated with a solution from Group II to which was added
to increase the concentration of the degradant to 5%; this solution was also further diluted to
obtain the final infusipn concentration based on body weight.

Drug sponsor reported some technical errors were reported with the administration of infusion
solutions. However, corrective measures were taken so not to invalidate the study.

Observations and Measurements: These included body weight, physical examination,
ophthalmologic examination (once, prior and after cessation of infusion), after cessation of
infusion hematology (RBC, WBC, Hgb, HCT, MCV, MCHC and platelets) and clinical
chemistry (Na, K, C] CO,, BUN, Cre, Glu, albumin and several enzymes including AP, AST
and ALT (after cessation of infusion). At the end of the study, animals were necropsied and
over 40 tissues were collected, over 30 were processed and examined microscopically.

'RESULTS

No rats died. No drug-related clinical signs were reported. No drug-related changes were
reported for physical or ophthalmological examinations.

Mean body- weights of M and F rats of Groups I, I and III were decreased 10-12% on day 2.
Decreases in body weight were attributed to the effects of restraint during infusion, including
decreased food and water consumption.

Some hematologic changes were reported; none were significantly different from control
values reported. The mean platelet count was decreased 33% below the control mean in
Group II rats administered 25 pg/kg/min fenoldopam containing 0.1% This
change in was considered by drug sponsor to reflect a difficult venipuncture and/ or responses
related to arterial damage induced by the high infusion dosage of fenoldopam.

In some rats in all drug treated groups, mean values for WBC and neutrophil counts were
elevated in Group II and Group I (M WBC were decreased), however; these changes were
not considered drug related by drug sponsor. Similarly, in mean values of drug treated rats,
rats showed decreased lymphocyte counts (20-60%) vs. control values.
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Clinical biochemistry changes compared to control were reported in some drug treated rats.
These changes included elevated individual mean serum activity in AP, ALT, AST, BUN and
carbon dioxide when compared to controls. Drug sponsor stated that these changes had not
been reported in previous studies with fenoldopam, and are considered drug-related changes.

Mean serum glucose concentration was decreased 13% and 17% below the control mean in
Group II and III male rats, respectively.

Macroscopic observations of irregular, reddened areas along the interlobular artery of the
pancreas and branches of the mesenteric artery were interpreted as arterial hemorrhage within
the pancreas was observed in 2/6 and 4/6 Group II rats, administered 25 pg/kg/min
fenoldopam containing 0.1% This finding was also present in 2/6 and 4/6
Group I rats, administered 25 pg/kg/min fenoldopam containing 5% ...

Arterial hemorrhage within the mesentery was present in all rats from Group II and Group III.

A linear, depressed, reddened area in the fundus of the glandular stomach was observed in
one M from Group III.

Microscopic Findings: Hemorrhage and medial necrosis of arteries within the pancreas and
mesentery, with accompanying periarteritis and perivascular edema, was observed in all drug
treated rats (Group II and Group III.) There were no differences between Group II and IIT
rats in the severity of the arterial lesions of the pancreas and mesentery.

Hemorrhage and medial necrosis of arteries within the kidney were observed in 5/6 M and
6/6 F Group II, and 5/6 M and 4/6 F group I Periarteritis accompanied the renal arterial
lesions in 2/6 and 2/6 Group II and III F rats, respectively. The severity of arterial lesions of
the kidney was essentially similar between Group II and INI rats.

Hemorrhage and medial necrosis of arteries within the serosa of the stomach was present in
5/6 M and 3/6 F rom Group 11, and 4/6 M, and 2/6 F from Group HII. Periarteritis of the
serosa was present in 3/6 M and 5/6 F from Group II, and 3/6 M and 5/6 F from Group ITI.
There were no remarkable differences in the severity of arterial lesions of the stomach.

Hemorrhage and medial necrosis of arteries within the serosa of the colon and/or jleum was
observed in 2/6 M and 1/6 F from Group 1I, and 1/6 Group Il M rats. Periarteritis of the
colon and/or ileum was observed in 2/6 M and 1/6 F from Group II, and 1/6 Group Il M
rats. The severity of arterial lesions of the colon and ileum was essentially similar between
Group II and III rats.

Periarteritis of the ovary was observed in 1/6 and 2/6 Group IT and II F rats, with no
difference in the severity of the lesion between the two groups.
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Focal erosion and glandular congestion of the fundus of the stomach was observed in one
Group Il F. This lesion corresponded to the linear, depressed area of the fundus observed
macroscopically. A focus of fibrinoid arteritis in the aorta was present in 1 Group I F rat
vs. none in controls; this pathologic change was unknown to drug sponsor; it was reported as
"not considered" to be drug related. '

Hepatic and renal changes were observed in occasional rats from each dosage group. The
incidence of the changes did not reflect a treatment-related effect.

Drug sponsor concluded that in the present rat study, the incidence and severity of arterial
lesions (hemorrhage and medial necrosis in arteries of pancreas, mesentery, kidney, stomach
and intestine accompanied by periarteritis and or/edema) between Group II and Group III rats
infused for 24 hrs with fenoldopam mesylated containing either 1% or 5% .
were comparable indicating that the increased concentration of the ______ did not influence
the toxicity profile of drug in rats.

EVALUATION

Drug sponsor proposes to increase the specifications for the degradation product
(descholoro fenoldopam) from 0.3% to 0.6% in the final drug product of
fenoldopam mesylate intravenous solution. Drug sponsor asserts that the reason for the

proposed increase in the specification is to allow for the 0.2 - 0.3% deschloro fenoldopam

formed during the . stage.

Drug sponsor reports that lots of fenoldopam mesylate used in earlier nonclinical studies
contained deschloro fenoldopam at concentrations ranging from 0.07 up to 0.1%.

In support of proposed increased level for the degradant in the final drug product, drug
sponsor has conducted one iv study in rat to evaluate the effects of two levels of deschloro
fenoldopam in the drug.

Results reported indicate that rats infused intravenously with 25 pg/kg/min fenoldopam
mesylate (containing 1 and 5% descholoro fenoldopam) for 24 hrs showed hemorrhage and
medial necrosis of the arteries of the pancreas, mesentery, kidney, stomach and intestines
accompanied by periarteritis and/or edema; these changes were not seen in the concurrent

q controls infused with the vehicle. These vascular lesions have been previously reported in

rats administered dosages of fenoldopam mesylate ranging from 5 up to 100 pg/kg/min for 24

s%'ﬁ).. . hrs containing lower levels of deschloro fenoldopam.

The severity of arterial lesions noted were reported as essentially similar between Group II
and Group III rats. From the data submitted, it could not be determined at what rat plasma
concentrations of drug/degradant product were associated with the reported lesions.
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Excipients used in the proposed formulation for fenoldopam mesylate injection have been

previously used in approved drugs for iv use. As stated above, the specifications for the drug

product include limits for the degradation product expected to occur during the

stage. Data submitted on nonclinical study with rats infused with high (5%) levels of =
degradant were not associated with new or unusual adverse effects not

previously seen with fenoldopam mesylate alone.

In the International Conference on Harmonization: Draft Guideline on Impurities in New
Drug Products (54 FR 11268-11272; March 19, 1996), FDA recommends under "Thresholds
for Qualification of Degradation Products in New Drug Products”, that for a maximum daily-
dose of a drug of >100 mg to 2 g, thresholds for qualification of degradation products in new
drug products, levels of 0.2% or 2 mg as the total daily intake (TDI); whichever is lower are
acceptable. Since the maximum recommended dose for fenoldopam mesylate is 7.0 mg/h

[= 1.67 pg/kg/min drug might contain up to = 0.10 pg/kg/min of (= 0.6%)
given to a 70 kg patient], and assuming the drug is infused for 24 hrs, the total amount of
fenoldopam mesylate given might be expected to be =168 mg containing 1.008 mg of the
degradation product*. Thus, the TDI for the degradation product N appears to
be within the limits recommended in that FEDERAL REGISTER notice.

RECOMMENDATIONS:

1. This NDA is approvable, with some labeling changes, proposed in the previous evaluation

of this NDA (see page 53 of Review/Evaluation of Pharmacology and Toxicology Data dated
August 1990) and ammended to reflect changes described below.

2. Under "ANIMAL TOXICOLOGY", 2nd paragraph, line 7, delete the term "or cynomolgus
monkeys" because data previously reported stated that at least 1 out of 4 cynomolgus
monkeys infused fenoldopam 100 pg/kg/min for 24-hr showed intramedial necrosis and/or
hemorrhage in arterioles of the gastric submucosa and a branch of the renal artery. Although
the intramedial hemorrhage seen in this monkey was qualitatively similar to that reported in !
rat infused for 24-hr with fenoldopam mesylate, the rat infused with the drug has consistently Z
shown greater organ vessels involvement than the monkey.

3. Under "Carcinogenesis, Mutagenesis and Impairment of Fertility" change the present
paragraph to read "The genotoxic potential of fenoldopam was evaluated in the microbial
mutagenicity Ames test, point mutation and chromosome aberration assays using Chinese
hamster ovary cells, and the micronucleus test in mice. In the in vitro chromosomal
aberration assay in Chinese hamster ovary cells, the drug was associated with statistically
significant and concentration-dependent increase in chromosome aberrations. However, there
was no evidence of mutagenic or clastogenic potential with fenoldopam in the other in vivo
and in vitro assays." - '
* 7 mg/h fenoldopam mesylate X 24-hr infusion= 168 mg TDI. 168 mg X 0.6 degradant= 1.008 mg
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4. Under "Pregnancy"” delete the term "Teratogenic Effects - Pregnancy...” so that the first
words in this paragraph read "Pregnancy category B". After this term, insert the word "Ora]"
before the sentence "...reproduction studies have been performed..”

cc:
Orig NDA
HFD-502

HFD-345

HFD-110
HFD-110/RHPM
HFD-110/EBARRY
€b/7-19-96/7-25/96

CA\TOOLS\WORDPROC\WPS1\FILES\N 19922 MTG

&g

Estela A. Gonzélez Barry, M.S.

et 75

APPEARS THIS WAY
ON ORIGINAL

APPEARS THIS WAY
ON ORIGINAL
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REVIEW AND EVALUATION OF PHARMACOLOGY AND TOXICOLOGY DATA

E. Barry, M.S.
08-30~-90

ORIGINAL SUBMISSION DATED: 12-12-88

CENTER RECEIPT DATE: 12-14-88

NDA ORIG AMENDMENTS DATED: 12-29-89 and 02-05-90
CENTER RECEIPT DATES: 01-09-90 and 02-09-90

REVIEWER RECEIPT DATES: 02-8-89, 01-09-90 and 02-09-90

SPONSOR:

DRUG:

Proprietary Name: Corlopam™. injection.
Generic Name: fenoldopam mesylate.
Code Name.

: 6-chloro-2,3,4,5,-tetrahydro-1-(4-hydroxypheny1)-
1H-3-benzazepine-7,8-diol, methanesulfonate.
r :

OH

MW: 305.76 and 401.87 for the.base and\salt. respectively.

FURMULATION: Corlopam will be supplied as a solution for intravenous (i.v.)
administration, containing 10 in single-dose vials of 2. ."5_and\;0 ml.

Before administration, the formulation must be diluted with 0.9% Sodium
Chloride Injection USP or 5% Dextrose Injection USP.
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This formulation contains the following excipients: Sodium Metabisulfite, NF;
Citric Acid, USP; Sodium Citrate Dihydrate, USP; Propylene Glycol, USP; Hater
for Injection, USP and Sterile Nitrogen Gas, NF.

PHARMACOLOGICAL CLASS: Vasodilator with postsynaptic dopamine (DAY)

receptor agonist activity.

PROPOSED INDICATION: For the management of hypertension requiring prompt
control by i.v. therapy.

PROPOSED DOSAGE: The initial dose §s 0.1 mcg/kg/min administered by
continuous f.v. infusion. Dosage may be titrated upward as needed by 0.1 mcg
increments until an appropriate blood pressure 1s achieved. Sponsor states
that for most patients, titration to a dosage of 0.1 to 0.4 mcg/kg/min
produces the target blood pressure.

RELATED INDs:

NONCLINICAL STUDIES:

PHARMACOLOGY
followi r

Antihﬁutia.iv. Activity of Pencldopan

Preparation Bevort Neo.] Results | Conclusions
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I. Benal Vasodilating activity

erizment . Report Neo.
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Vasodilating Activity of Fencldopam

Results

Increases in resal blood flow,
decresses in systamic bleood

1-185 mcg/kg [VD 2!1‘, VD 2017) pressure

adainistration
azesthetised Dahl-SS

@ s 18 mcg/kg [VD 2917)

fral sdzinistratien in
anesthetised SHR,

§-235 =g/kg [VD 3'5.1J—\%mg:

ansstlhetis (T3
3-308 kg - \—
0D 26160 V8 2e39]

= sdnini:{r:;i;n
~receptdr blocke

uo-tgotiacd ,g-',.

$.1-3290 mcg/kg

[(PPBR4YD, gPIIZV'D]

H anesthetis ogs,

8.81-3 ncg/kg [VD-2816]

adninistration

; Iztradoodenal
! htn-lthotisod dogs,
! 1 mg/kg [VD 2839} - -

.dniai-tratioa

A consclous do

Oral adainistration iz

\ eonlei;u- 5;;.,

" 8.25-18 ng/kg
(VD 2037, PPoe3avD]

Izcreases in resal bloed flow,
8 ases in systeaic
ood pre

Increases in
decreases in

Copclusions

Renal vasodilator whiek
decresses systemic blood
pressure

Resal vasodilator which
decrsases systsaic blood
pressure

Orally active renal
vasodilator which dec-eases
systemic blood pressure

Dose-related inesr
blood flow and de

es 4ia
SASES
systanic blood pressure

2onc-rclstod incresshs ia ‘anal

lood flow and decreases
systamic blood pressuye

Inccease in resal blodd flow,
with small decrease inisys
blood pressure

Dose~related increases
bloed flow with variabl

Dose-related incresses in
blood flow with decresses
systanic blood pressure

APPEARS THIS WAY
ON ORIGINAL

APPEARS THIS WAY
ON ORIGINAL

rensl
. g8, . effect
. 1-38 mcg/kg [VD 2843, PPESEVD] on systamic blood pressure

vaso ator

Rezal vasodilator in presence
e alpia-receptor blockade

Renal vasodilator which
decreases systamic blood
Pressurs

Renal vasodilator

Reaal vasedilator with
marginal effect on systemic
blood prassure :

Orally active renal
vasodilator which decreases
systamic blood pressure



r

TR MR U AR BB R SO U W 8 L s e

Page 4 - NDA 19-922

II.

Zenoldopan, #.1-819
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Sunmary -ef Renal Function Studies in Conscious Dogs

Exzperiment Report No.l Results Conclusions .

* ”k pETAYENS De lated increases in ERPP; Increase in ERPF with little
phosp 1 anﬁ::%omlod t:;:;::y‘md decreased CFR; eifect o2 renal function

. dogs, §.65-28 mcg/kg/min a0 effect o2 slectrolyte excretion

[0 2528, VD 2518]

administration in Dose~related incresses in ERPP; Inerease in ERPY with little
pr:ipluu-mitol infused small, varisble effects on GFRk; effect on renal function
dogs, 1-20 mg/kg vari;‘l- affects on ealectrolyte .
g{ 3516, VD 2532, VD 3848, excretion but tendency toward
2!'31 VD 2887, VD 2045, incresse
D 2538

fTAYious) infusion h Increase in ERPP with no effect Increase in ERPF with no

um chloride infused on CFR or slectrolyts excretion effect o2 rensl function
dor! %ics meg/kg/min .
»al administrstion in Dose-related increases in ERPP Increase in ERPP with little
%%x‘%"ru- infused dogs, small, vui‘ablg herogocl in i effect on renal function
~3.5-18 mng izcresse in Fa™ and X -
. a534, 2086 J] axcretion
$61YD, PPES3VD)

Comments:

Fenoldopam s a racemic mixture of two R- and S-optical enapfiomers. The

- - . R-enantiomer is reported to be more potent than the racemate. (The renal and
systemic vasodilator activities are properties of the R-e antiomerd these
activities are antagonized the DA-1 antagonist SK&F B-ﬁ3§§§ but not the DA-2
antagonist domperidone. The S-enantiomer is essentially inactive.

Although some of the preclinical pharmacology stddies were conducted with the
Bygrobromide salt of fenoldopam ¢ » the more soluble mesylate salt
was used for most of the preclinical and the clinical studies.

In rat (SHR or Dah1-SS) and dog, fenoldopam adminiStered by oral and 1.v.
routes decreases blood pressure due to it€ renal vasodﬁ%ptory action. In dog,
the drug shows a ect coronary vas tory ac he mechanism of
vasodilation appears to be predomTnantly stimuTation of D 1 receptors.
Although in dog fenoldopam produces renal vasodilation and an increase in
renal plasma flow (RPF), there is variable increase in glomerular filtration
rate and urine volume and there 1s no remarkable effect on electrolyte
excretion. izpus; in dog, fenoldopam appears to have 1ittle effect on kidney
function. J

Oral administration of fenoldopam increased plasma renin activity in conscious
male beagle dogs. Published 1iterature provided by the sponsor reports that
in dog, administration of fenoldopam is also associated with elevation of
aldosterone activity. In anesthetized vagotomized rat, i.v. administration of
the angiotensin converting enzyme inhibitor captopril antagonized the pressor
activity of angiotensin I 1n a dose-related manner. This antagonism was
selective in that comparable pressor actiyity produced by angiotensin II was
not_similar]y antagonized by captopril. \ In these rats, 1.v. administration of

~~ fenoldopam gid Q@ﬁ;‘"h‘b‘t pressor respofifes to angiotensin (I or II)-~, ‘
~  suggesting that the drug causes no inhibition of angiotensin converting enzyme. ’
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Results of the above studies indicate that fenoldopam has a greater affinity
for DAy receptors than for DA; or alpha-adrenergic receptors. The drug
demonstrated alpha-2-adrenergic receptor antagonist activity, very weak
alpha-1-adrenergic receptor antagonism and no beta-adrenergic agonist activity.
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Summary of General Pharmacodynamic Studies.

Jest
Central Nervous Svstem

Anticonvulsant activity:
Minimal electroshock

Maximal electroshock
Confined motor activity

Tryptamine~induced
convulisions

Reserpine-induced ptosis
[ ]

RV

MAD activity

- Rotation in rats with
unilatera) lesions of the
the substantia nigra

mouse

rat

rat

rat

rat

rat

Adenylate cyclase @
activity

Polyestradiol-stimulated
prolactin releass

Discriminative stimulus

Stereotypy

4

Autonomic Nervous System

Effect on blood pressure
responses to autonomic
stimuld :

rat

rat

rat

Dose Range ’
and Royte Principal Findings o Report
28, lo‘gp Inactive VD 2510
mg/keg
25, 100 Inactive VD 2502
mg/kg @
200 45X reduction at 120 min post dose VD 2508
my/ky @
200 No potentiation VD 2504
wmg/kg
1] Not prevented VD 2503
mg/ky
10 Not prevented VD 2503
mg/kg D
0.1-100 Ko inhibition of brain or liver MAD vD 2042
uM
2-10 No significant contra-lateral rotation VD 2509
mg/kg b vD 2529
0.1-3.8 Dose~related rotation
meg/rat inte
caudate
0.001-100 Concentration-related stimulation, vD 2023
uM E 2 0.039 uM; maximal effect VD 2537
-80% o seen with dopamine VD 2548
(ECs0 = & uM);: marginal (16-28%) vD 2519
inhibition of stimulation of dopamine-
stimulated adenylate cyclase at 1-100
uM .
2, 10 No effect on increase in serum VD 2041
my/kg \ip prolactin levels N
0.128-1.0 Not effective as discriminative 110P
»p/kg 19 stimulus 16P
2 T Did not influence sterectypies induced 17P
mg/kg 3¢ by DAz agonist quinpirole
4.2-5336.8 Wo effect on pressor responses to vD 2033

mce/keSIV)

NE, tyramine, or DMPP; depressor
responses to furfuryl trimethylanmonium,
histaming, isoprotersnol, periphsral
vagal stimulation; the tachycardic
response to isoprenaline; recovery

from head-up t11t hypotension
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Iest
Cardiovascular Svstem

Infusions in rats

General hemodynamics in
anesthetized dogs

Effect on electrocardiogram

Effect on blood ﬁrusun
and heart rate in conscious

Congestive heart failure

Effect on platelet function
in platelet-rich plasm

Respiratory system
Pulmonary resistance and
dynamic lung compliance

Pulmonary hemodynamics

in auto-perfused lung
preparation

Pulmonary hemodynamics

rat

dog

dog

dog

rabbit

humn

dog .

Tomb

AR AT YL ARG N R 0 03 ek 1T e

m
Dose Range
and _Route
100
meg/kg/min

2.8-160
mcg/kg/min

28, so
mcg/kg v

75
meg/kg/min

7

e 39
10 7

meg/kg/min

0.3-60

-cg/ku iv

&

1.4-332
mcg/ky v

4 i LS A A R e e 2oy

Brincipal Findines Begort

3 hr infusion: effact on MAP or HRv VD 2063
6 or 24 hr infusions;)decreaSe in MAP VD 2046
(15-20%); no evidence for tolerance to
hypotensive effect

15 min infusions at each rate: fall 121
in MAP, increase in HR; MAP response

waned by >60X by end of infusion

Modest (10-30%), non-dose-related VD 2028
decreases in MAP, HR, TPR, coronary

flow, coronary vascular resistance,

and dP/dt;: slight increzse in left
ventricular end-diastolic pressure at

25 mcg/kg;: no change in aortic flow

6 hr infusion: no changes in ECG vD 2501
other than moderate tachycardia

Daily, 5 days: no effect on ECG or MR VD 2501
at § mg/kg, moderste tachycardia but

no other change in ECG at 25 mg/ky

Daily, 3 days: decreased 8P {20-30X) VD 2029
and increased HR (30-130%) for 950-120

min after esach dose; si% in 3 dogs

after most but not aiT doses, usual 1y

within first hr post dose

CHF induced with adriamyctn: decrease 106P
in MAP and TPR, increase in CO and

blood flow to kidneys, small intestine,

and brain b

60 uM: did not induce platelet VD 20é.
agorepation; 30 uM: did not inhibit

platelet aggregation induced by

arachidonic acid or, in most exps. ,

by ADP, collagen, or thrombing

competitively inhibited epinephrine-

induced platelet aggregation

No effect on pulmonary resistance or VD 2040
dynamic lung compliance

Injected into perfused pulmonary 183
circulation: 1ittle or no effect on 190P
perfusion pressure, but dose-
':»cndent fal1 in MAP and increase

n RBF

Increase in pulmonary pressure at sar
337 mce/kg; potentiation of vasocon- §9p
striction induced by hypoxia 62r

RN
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General Pharmacodynamic Studies (Cont'd).
Dose Range
Iest Speciss and Route Principa) Findings Bepgrt
Intestinal motility mouse 100 /\ Reduced fecal pellet count by 2.2% VD 2500
-u/kJigj
: 08
- L { ] . No effect on pH or volume of gastric VD 2§
Pylorus-1igated rat rat n/ku@ No affect
158p
- t 10 No sffect on pentagastrin-induced
x:sthetim Tumen-perfused ra mcs/ke/min 8214 output
00 Microscopic signs of gastric Vb 2511
Sastric rritation . rat :,/u. p& - irritation in only ) of 8§ rats
ex=vivo " Did not reduce mucosal blood, fluid, 158P
b ‘::v.n:erm - rat i or albumin loss after gastric ischemia
sastric ¢ * or topical aspirin (20 aM « 100 mM HC1)
10 No effect on gastric blood flow but 158P
?:::H: snd duodenal blood  rat meg/kg/min  duodenal blood flow increased -
Comments:
Hhen administered p.o. or 1.p., fenoldopam exhibited no remarkible erfects on
CNS or gastrointestinal system of mouse or rat. In in preparations,

fenoldopam was a $;1mu1ag: of CcAMP grodu;:inn.in rat caudite homogenate and
showed no MAO inhibition in rat brain or liver. In anesthetized mongrel dog,
fenoldopam over a dose range of about 21-530 mca/k did not produce
significant alteration of MABP responses to standard agonists and test
procedures, or {soproterenol-induced tachycardia demonstrating no effect on
the autonomic nervous system. Fenoldopam exhibited no remarkable effects on
the respiratory system of the dog. In anesthetized dog, a dose of 50 mcg/kg
i.v (infused over 10 min) had no effect on pulmonary resistance or dynamic
lung compliance. Published 1iterature provided by the sponsor reports that

intraarterial administration of fenoldopam directly into the pulmonar
circulation of dog resulted in reduction in renal vascular resistance at doses

that had no temarkable effects on pulmonary vascular_resistance.

APPEARS THIS WAY
OM ORIGINAL

-~

pnorana THIS WAY

T S T ——
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Summary of Drug Interaction Studies
. D o -G \ S—" - S ——————

Combination Drug Species Results

Hydralazine

Sodium nitroprusside

Phenoxybenzamine
Hydrochlorothiazide
Hydrochlorothizzide

Triamterene

Propranclol

Dobutamine

Captopril

Captopril

Cuto'pri 1

RS-10085

Cephalothin

Halothane

Halothane

Isoflurane

Comments:

Rat

Rat

Rat

Rat

Rat

Rat

Hypoctension no greater wi th combination than with
hydralazine alone; no overt deleterious effects

Hypotension no greater with combination than with
sodium nitroprusside alone; no overt delsterious
effects .

15-20% decrsase in blood pressure; combination well
tolerated; no overt deleterious effects

Combination usually produced greater incrsases in

" urine output than hydrochlorothiazide alone

Greater increases in ERPF, GFR, and urinary Na*
excretion with combination than with HCT alene

Increase i¢n ERPF not different from that with
fenocldopam alone but greater than with triamterene
alone; increase in urinary Na* excretion not
different from triamterene alone; effect of
triamterene on urinary K* excretion reduced by
the combination

proprancio! had no effect on ERPF or GFR: urinary
Na* incressed; increase in plasma renin activity
1ess than with fenoldopam alone

Greater incrsase in rena) blood flow with fenoldopam
than with dobutamine alone without significant effects

on increases in contractile forgce produced by
dobutamine

Combination produced no synergistic sffect on blcod
pressure or hsart rate

Fenoldopam had no effect on responsses to captopril;
{ncrease in RBF greater with combination than with
fenoldopam alone at 0.1 mecg/kg/min but not at

3 mcg/kg/min

Combination produced greater increase in ERPF than
fancldopam alone

Combination resulted in 2-fold potentiation of the
natriuretic and kaliurstic effects of either agent
slone .

Fenoldopam had no effect on .un.- half-11fe of
ccqlu'leth‘lu

No significant interactive effects on cardiovascular

function

Fenoldopam shown to produce increase in renal blood
fiow in the presence of hypotension induzed by

sodium nitroprusside while under halothane anesthestia

No significant interactive effects on .cardiovascular

function

VD 2063

VD 2063

3

2063

3

2018

2001
2002

2004
2008
2007
2008
2009

53388 3§35

2054
2530

338

1197

PPO14VD

V0 2019

VD 2045

166P

VD 2052

18P
199

&7P

In rats and dog, fenoldopam in combination with drugs 1ikely to be used in
clinical situations (e.g. hydrochlorothiazide, hydralazine, sodium

nitroprusside, phentolamine, captopril or propranolol) produced additive

effects or effects similar to those expected for either drug alone; there were

no adverse

4] ”
L]

- tmeeie e
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TOXICOLOGY

Summary/evaluations of toxicology studies previously submitted were performed

by previous pharmacologists.

The following are Summary Tables of Toxicology Studies Provided by Sponsor in
this NDA. (Studies were conducted in Sponsor's Laboratories). .

1. Tabulation of Single Dose Toxicity Studies.

Mode of

;Sﬂﬂﬁiﬁﬁ -atrain No./Group Aﬁ_ln§=5{f

‘House CF1 10M °  1.V. Bolus 15.0, 20.5, 27.4, 37.4, 45.8 mg/kg

‘Mouse Chl 10F I.v. Bolus 15.0, 20.5, 27.4, 37.3, 49.8 mg/kg

Mouse CAl - 10M Ora) Gavage 400, 600, 900, 1350, 2000 mg/kg

House CFhy 10F Oral Gavage 400, 600, 500, 1350, 1999.9, 3000 mg/kg
Rat Cr CO" 104 I.v. Bolus 25, 31, 39, 50 mg/kg |

Rat Cr CD 10 or 20F 1I.v. Bolus 20.0, 26.2, 34.5, 45.5, 60.0 mg/kg

Rat CR CD 10M Oral Gavage 498.5, €58.8, 867.3, 1156.4, 1495.4 mg/kg
#at CrR CD 10F Oral Gavage 400, $40, 715, 9%0, 1300,

730 mg/kg

Study

10 days
10 days

10 days
10 days
10 days
10 days
10 days

* CR CD = Charles River caesarean derived rits

- = Results:
- LD, ‘mg/kg ""“‘ﬁﬁ‘ﬁh‘ui’&ilent
Route Species (95% con’ﬂdence limits) g/kg :
Iv. Mouse M 28.9 (24.3-34.4) n3l8.0
| F  37.0 (30.145.5) 48.6
LY, Rat M 38.0 (31.9-45.2) 49.9
F  50.3 (41.9-60.9) 66.1
P.O. Mouse M 1261 (876-1316) 1657.
F 1400. (1120-1750.1) 1839.7
P.O. Rat M 7975 (681.7-993.1) 1048,

After i.v. administration
in both rat and mouse was

F 9700 (763.8-1231.9)

tremors and convulsions were

'
— e o —

1274.6

of fenoldopam, a remarkable acute toxic effect seen
spiratord istress. At doses above 1000 mg/kg p.o.
ed.
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2. Tabulation of Repeated Dose Subacute and Chronic Toxicity Studies.

———

Species _Strain. Mo /Group
SUBACUTE:

Mouse

Rat =
Rat
Rat
fat
fat
Rat

Dog
Dog
Jog
Co

oox
Doe
Dog

Monkey
Honkey

INIC:

nat

co1 10M, VOF
CrR CD 12M, 12F
CR CD 8, BF
CR CO 8M, OF

R CD 10M
CR CO 10F
CR CD 154, 15F
Beagle M, 2F
Beagle M, IF
Beagle M, 2F
Seagle I, F
Beagle M, 1F
Beacle M
Beagle M, IF
Cynomolgus 1-2M

Cynomolgus 4M

CR CO 20, 20F

Beagle M,

* poses administered in chronologic order to a single group during the course of the study are indicated as

4F

 p——

Mode of

grlz Gavage

V. 8olus
.V. Infusion
1.v. Infusion
Oral Gavage
Oral Gavage
Oral Gavage

1.V. Bolus

1.vV. Infusion
1.V. Infusion
I.V. Infusion
I.V. Infusion
I1.V. Infusion

Oral Capsule

1.V. Infusion
I.V. Infusion

Oral Gavage

Oral Capsule

Doses®

¢ —Study-

6.25, 12.§5, 2§, sq;7s,loo.1§o.zoo mg/kg/day 3 months
v 5/
2, 8, 16-20 mg/kg/day 2 weeks
5, 25, $0/100 mcg/kg/min 24 hours
0.1, 1.0 mcp/kg/min 24 hours
38.1, 26.), 152.2, 304.4 mg/kg/day 11 days
38.1, 76.1, 152.2, 304.4 mg/kg/day 10 days
25-18-25, 50-30-50, 100-130-0-76-0-60-75- 3 months
100-115 mg/kg/day
0.5, 1.0, 2-4-8 mg/kg/day 6 days
1. 5, 25, 75, 150 mcg/kg/min 6 hours
§. 50, 100 meg/kg/min 24 hours
§, §0, 100 mcg/kg/min daily for 6 hours 14 days
2.5-10-20-50-70-100 mcg/kg/min of dopamine §.5 hours
2.5,_20, 50 mcp/kg/min of dopamine 12 hours
6.25, 12.5-15-18, 25-30-36-42-48 Is/ks/day‘“‘ 3 months
5, 100 mcg/kg/min &— 24 hours
§, 50, 100 mcg/kg/min 24 hours
15, 25, 40 mg/kg/day 12 months
10, 20-25, 40-50-65-75-85-100-120 mg/kg/day" ™ 1 year

** CR CD = Charles River caesarean derived rats; CR K24 = Charles River New Zealand White rabbits -

S
™ damage or dea%h was
ose was considered

“** The mid-dose was increased on days 15 and

increased on days 15, 36, 64 and 78 of study.
#4%4 The mid-dose was increased on day 36 and the high-dose was increased on
days 36, 99, 141, 190, 232 and 337 of study.

Results:

36 and the high-dose was

In n1ce,(Ei;;)administration of fenoldopam (dose range study) for 3 months
produced chronic nephritis (in over 50% of mice) and purulent casts in the

tubules of animals treated with 75 mg/kg/day and above.

described as showing d

Chronic nephritis was

ar_epithelium with regeneration of

_and below; thus
Crystalluria (identified as

hese-cells. Purulents casts (presumably due to crystals) were composed of

ecrotic tubular epithelial cells and neutrophils. No evidence of renal
mg fenoldo d 3

the maximum toTerated dose.

the 7- =glucuronide conjygate of the drug) was noted at 25 mg/kg/day and
above. Reduction of body weig g/kg and above in YemarTes and 50
mg/kg/day and above in males) was associated with reduced food consumption.
Treatment-related mortality (mainly due to chronic nephritis) was noted in

mice given 100 mg/kg/day and-above; at 75 mg/kg/day and below a few accidental
deaths occurred.”

-

R L e T e,



Page 15 - NDA 19-922

Fenoldopam, administered fntravenously for about 2 weeks at doses ranging from
2 to 20 mg/kg/day, produced vasodilation in all drug treated rats; transient
(20-30 min) muscular hypotonia was noted in the males at the 8 and 20 mg/kg
doses.

In rat, i.v. infusion of fenoldopam for 24 hours produced intramedial necrosis
and hemorrhage in large arterial branches of the splanchnic and renal vascylar
beds. The extent and severity of these lesions were dose-related and occurred
with doses of 1-100 ug/kg/min but were not present at a dose of 0.1 ug/kg/min.
Damage to endothelial cells was noted in gastric serosal arteries of 3 high-
dose rats in which medfa) necrosis and hemorrhage were advanced.

In a 3-month oral (by gavage) toxicity study in rat, twice daily doses of-
fenoldopam (25, 50 or 100 mg/kg/day) produced salivation and frritabitity. On
day 22 of the study, the high-dose was increased to 130 mg/kg/day but severe
toxicity occurred (body weight loss, post-dosing abdominal spasms, decreased
spontaneous activity, emaciation including deaths in 2 males and 2 females).
Thus, the dosing was stopped for one day (day 35) and re-introduced as 75
mg/kg/day on from day 36 to 39, stopped again from days 40-42 and re-
introduced as 60 mg/kg/day (days 43-49) and subsequently increased as shown on
the dosing schedule above. As a precautionary measure, the low and mid doses
were reduced (day 35) to 15 and 30 mg/kg/day, respectively. Overt toxic
effects in the high dose animals failed to persist and over time the doses
were increased to 25, 50 or 115 mg/kg/day. It appeared that the threshold
doses for decreased body weight gain were between 115-130 mg/kg/day for
females and 100-115 mg/kg/day for males. Hematologic findings included slight
neutrophilia in males at the 1- and 3-month intervals (when the high-dose was
75 mg/kg/day). Crystals (identified as a beta-glucuronide conjugate at the

- 7-position of fenoldopam) were observed in the urine of some mid and high dose

rats, from month 1 and week 1, respectively. (Cr these ra n
with eleva in_serum BUN, creati and WBC.c hese
later changes correlated with rena damage. The high dose animals had
g

aistologic renal tubular damage (affecting 50 to 70% of the renal tissue)
consisting of epithelial cell debris, polymorphonuclear leukocytes in lumen of
cortical and medullary tubules, tubular dilatation showing evidence of
epithelial regeneration, and early fibrosis. Eosinophilic crystalline
deposits were often seen embedded in necrotic debris in both cortical tubules
and collecting ducts. Similar pathologic changes involving 10% or less of
kidney tissue were seen in some mid-dose rats (4 M and 3 F) but no crystalline
deposits were seen either in their cortical or medullary tubules. No drug-
induced renal damage was observed in the low-dose rats.

fowe?
In dog, infusion with fenoldopam for 6 or 24 hours and for 6 hours per
day for T4 days induced restlessness, salivation, emesis, ptosis and mydriasis
but no arterial lesions comparable to those produced in the rat. Comparable
(6 or 12 hour) 1.v. infusion studies in (1 M, 1 F) dog were performed with
dopamine. (In the 6-hour study, 50 mcg dopamine/kg/min and above caused
progressive and ultimately massive increases In MABP (attributable to s
peripheral vasoconstriction) and several types of ECG changes (indicative of /°

myocardial electrop2¥siologic disturbance) progressing to severe arrhythmiai"~;/,

at 100 mcg/kg/min. (The cardiovascular system was clearly the principal target
of toxicity produced by the 6-hr infusion of dopamine] In both dogs, medial
necrosis and hemorrhage were seen affecting arteries and arterioles of —
virtually every tissue examined microscopically. In general, vessels most
severely and frequently affected were the smaller caliber peripheral arteries
(whose media comprised 3 to 4 layers of smooth muscle) and arterioles.
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3. Tabulation of Carcinogenicity Studies

—

P ——

' : Wode of ~ Study
Soecies _Strain = MNo./Group Administration Doses
lbuic CR COV 100M, 100F Oral Gavage 12.5, 25, 50-35 mg/kg/day 24 lonthsi
Rt CR C 40N, 40F  Ora) Gavage 25-35 mg/kg/day : 18 months
Rat LR OD 100M, 100F Oral Gavage §, 10-15, 20-25 mg/kg/day f yelrg
year
mnt CR CD 15M, 15F  Oral Gavage 20 mg/kg/day 1 year?
Notes: 1) T
2) Interim report of clinical and physical signs - 12 months dosing of the 2-year carcinogenicity study in rats,
3) Renal monitoring study - separate but pan'l}e'l to the 2-year carcinogenicity study in rats.

It must be noted that of the 3 carcinogenicity studies reported in this NDA,
the mouse 2-year carcinogenicity study had not been previously evaluated.
Although the rat 18-month (only portions of the data were previously
submitted) and 2-year studies had been previously summarized/evaluated in the
oriaginal IND pharmacology reviews for fenoldopam injectable

. . . these lack an FDA statistical review which §s the
current CDER practice. :

Sponsor's summary of their (single treatment group) 18-month rat study is
presented below. -

.I,i
Doses* Observations**

25-35 mg/kg/day’ Doses were increased from 25 to 35 mg/kg/day on Day 28!.(lesu'ltsf
of the 1-year oral study in rats rev ' .
40 mg/kg/day without an effect on sSurvivalde
No dfug-related effect on body weight or ®mortality was observed.
There was no effect on either the incidence or type of neoplasms
observed. Chronic nephritis (cortical tubular nephropathy,
inflammation, fibrosis and associated changes) was observed in th
male and female drug-treated animals. In the drug-treated males,
the incidence of periarteritis in pancreatic and splanchnic
vascular beds was increased. However, its relationship to
drug-treatment was uncertain due to the small sample size and the
progressive nature of the lesion in aged rats.

o

*Doses were divided b.§.d.

**No hematologic or clinical chemistry tests were performed.

=

This study (May '79 to Nov. '82) was designed to determine the potential of
fenoldopam to cause hepatic neoplasia, because another structurally related
chemical compound (unnamed in the NDA) at another pharmaceutical company had
been found to be a hepatocarcinogen. A definitive 2-yr carcinogenicity study
with fenoldopam was started Dec. 1981.

I have prepared reviews/evaluations of the 2-year mouse/rat carcinogenicity
studies following the current toxicology review format in preparation for the
FDA statistical review.
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Study Number: Study #006-007

Study Dates: April 7, 1982 to April 2-6, 1984
GLP Compliance: Yes.

Animals: Charles River CD-1 mice, both seies. age about five weeks with a

mean body weight of about 29 g for the males and 23 g for the females at
B initiation of study.

water were prepared daily. Control and drug treated-mic
deionized water or the drug solution, respectively, .
of administration was chosen because it is one of the\expected

i r : Solutions of fenoldopam in detonized

ecefved 10 ml/kg
The oral route

routes of
administration in humans.
Dose levels: 100 M and 100 F mice per treatment group.
: Dose a Concentration
Group ma/ka/day mg/m}
. .| 1 Control - - :
11 Control . - -
IV Middle-dose 25 (32.85 b 3.29
V High-dose 50 -~ 35 (65.70 -- 46.00)- 6.57 -- 4.60
i VI High-dose,
| Auxiiiary 50 (65.70) 6.57

- T —

: Doées expressed as the base with the salf in parenthéses.
'™ The dose yas changed from 50 mg/kg/day to 35 mg/kg/day on day 209 of studyJ

—
L e —

rv
clinical

i

r Mice were observed at least once daily for
effects and twice dafly for mortality. They were examined monthly

for tissue masses. Body weight and food consumption were recorded weekly
through week 14, then every other week through week 43, and monthly
thereafter. A necropsy was done on each mouse. Bones and tissues were

examined macroscopically and microscopically.

Khen appropriate, certain

lesions were graded microscopically; both neoplastic and non-neoplastic data
were statistically analyzed using Yate's corrected Chi-Square Test or Fisher's
Exact Test.

Interim Sacrifice: No. Ten males and 10 females at 50 mg/kg/day (auxiliary

group) were sacrificed after.

hs of dosing to monitor renal toxicity.

In females, 8 of the 10 had slight or moderate chronic bilateral nephritis and

three of these had renal cortex mineralization.

In the males, two of 10 had

slight chronic unilateral or subacute bilateral focal nephritis, respectively,
and 1 of 10 had dilated renal pelvis.
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Five females from the control group were sacrificed (day 199); none showed
chronic nephritis or mineralization in the renal cortex; 2 showed minimal
subacute focal unilateral nephritis. Thus, the high incidence of chronic
nephritis in the drug treated females (50 mg/kg/day) appeared to be
drug-related. On this basis, sponsor decreased the high-dose of the mouse

carcinogenicity study to 35 mg/kg/day on day 209.

Mortality: Sponsor stated that no drug-re1ated'effect on mortality was
apparent. The number of mice/group which survived to the end of the study

were comparable.

Drug Associated Findings: A higher incidence of chronic nephritis was
observed in female mice at 25 and 50 mg/kg/day; chronic nep $ was not seen
at 12.5 mg/kg. The incidence and severity of chronic nephritis in all mice is

presented below in Table 1, provided by sponsor.

— 2i-Mouth Carcinocgesicity Study of in CD-1 Mics
. Incidencs of Mics wvith (hronic Nephritis by
Taite .L Sex, Test Group and Degree of Severicy

Study #006-007 -

Pound Dead or Xilled Moribuad

\»&u YA ATV ——
MALZS FRULE ]
Ca , Grol: : IT I v v 1 11 111 s:v v
Exazin I Y Y ) ]
> L S0 S1__ 43 SO S5
-1 2 1 1 1 i o 1 ’
O 2 3 4 2 1 4 3 3 1 : :
3 t o o 1 1 2 0 1 1 14
o yLlJ 4 1 1 0 o 1 2 0 1 0 1
el s 2 & 1 1 1 3 3 0 4 73
(2 a) Total 9 10 & "4 FT 10 7 e joan s il
o Eilled Terainally
Q. . MALES FEMALES
e VEsine [T ———— g
A AS 49 ST a5 &
1 20 16 10 § 5 15 |
o] 12 1
L § 18 25 16 9 10 & 9 g
o) 3 4 ° 9 1 & 0 & 2
4 1 1 0 0 0 o0 o 9
0 0 0 °© o o 1 o
Total Y] Y] 35 1819 19 36 eamp & IZ
All Mice
WALES TOULES
Group 1 11 v I I 111 v v
# Yxazined | 100 100 100 95 100100 95 160
cheriz.
1 22 17 11 8 s 16 y
13 3
; 21 ) 20 2 13 s 13 o1
3 s [ 10 3 4 1 5 &
4 .2 2 1 2 o 1 0 12
2 & 1 33 o s 9
Total 32 33 Y B3 23 3% Joeer b I

wl&II 5 0,01 e compared to Contzol Groups I & II
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Another remarkable non-n
sternum in both control
of these lesions were gr

Table 2 be]oy. provided by sponsor).

BEST POSSIBLE COPY

24=Month Carcinogenicity Study of

=

and drug-treated female mice.
eatest in

eoplastic lesfon was afffﬁ”——_—_-—i:I;;;;; of the

ro-osseous
Incidence and severity
females of the highest dosage group (see

Tabky 2 - 1o CO-1 Mics
Incidencs of Fibro-osseous lasion of the Surm-d’ Femals Mice
by Test Group and Degres of Severity
Study £#006-007
‘ Yound Dead or Killed Moribund ‘
. FRANES
Group 1 11 333 o] v
# Examined 50 S1 &3 S0 3%
Severity
1 1 & 0 S 6
2 1 1 2 2 4
3 1 0 0 (] 2
& 0 0 0 - 0 0
5 0 -0 0 ] o
Total 3 s ) 7 VLN
. Rilled Terminally
FEMALYS
. Group I 1 I S S AR AN
§ Ixamined [¥] 49 [} [}
Severity : . 1
1 12 - S S 5 11 I
2 4 6 6 7" 12«
3 1 3 0 2 1
& /] 0 . 0 r 1
5 0 0 0 (] 1
Total 17 14 11 15 Zeoaﬁ'—
All Mice (Groups 1-V)
$
Group - | 1 11 P31 v v
# Examined 98 106 106 33 —100
Severity
1 13 9 S 10 17 1
2 L] 7 [ } 9 16» .
3 2 3 0 2 3
4 0 0 0 1 1
5 0 /] ] 0 1
Totsl 20 15 13 22 T i
® These data are derived from & semi-quastitative assessment snd therafore
N g do mot corraspond to incidences in Tables 9 and 10. ,
\\ ] ]
e ': P € 0.05 vhea compared to Control Group I
Ehkd 1 2< 0.01 vhen compared to Costrol Croup II :
- . 1

S WS A . S0
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The probability of a relationship between chronic nephritis and fibro-osseous
lesions of the sternum in high-dose females was considered. The data were
analyzed statistically and sponsor reports that no correlation was found.

Regarding neoplastic findings in this study, the types of neoplasms found were
said to commonly occur in CD-1 mice (the most common being neoplasms of
lymphatic system, liver, lungs and glandular stomach). There was no
statistically significant increase in incidence for any of these neoplasms.
(Following are pertinent portions of tables provided by sponsor on incidences
of each type of neoplastic lesion by sex and site.)

24-Month Carcisogenicity Study of 18 CD-1 Mice
" Incidence of Esch Type of Yeoplastic Lesiom by Sex snd Test Group
All Mice (Groups I, II, aud V)

Study #006-007
Ly e ] s
Group 1 I1 Vv R § II Vv
SKIN # Examined 100100 100 i1 9% 100 100
Fibrosarcona of skis and subcutis 0 0 0 0 44 1
Squamous cell carcinoms 0 (] 0 0 0 1
Malignant lymphoma 0 3 1 3 3 5
Fidbrosarcoma - mstastatic 0 0 0 1 [ 0
- MAMARY CLAND # Examined %3 5% 985
. Adenocarcinoma 0 1 o & & &
O Malignant lymphoua o 2 37 s
o BONE MARROW SMEAR # Examined . 99 100 100 95 100 99
Lid . Myelogenous leukemia . 1 -0 o 0 o0 o
J— Malignant lymphoma 2 4 3 3 4 6
m Malignaat =zveloma : 0 .0 1 0 0 0
um— BLOOD SMEAR # Examiped ) 65 63 52 47 S0 &
g : Monocytic leukemia 0 0 0 1 0 0
m Myelogenous leukesia 0 o 1 0 0 9
°: $ trums vorss
li e » =
| dalizmzn: lyeshoma 6 s 7 8 16
h i Maliznant aveloma 0 0 L o 0 lg
m J Maligmant histiccrtoma, Sidrous 1 1. o 2 0 1
j, Adenccarsinces of infraorbital lacsiaal
y ;
Lad i gland - astastatic 1 o o
i 0 0 0
m ; Adenocarzinosa of lungs - metastatic 1 0 0 o 0 0
Endozesrial stTomal sarcoms - metaszatic - e w= B 4] 0
W Mesenteric Lvmch Modes
Malignant lysphoms 3 3 & 7 9 s
{ Maliznant histiocytoma, fibrous 0 0 0 0 0 1
] : Fibrosarcoma -~ metastatic 0 0 0 1 1] 1
Hemangiosarcoma 0 0 0 1 0 0
Adenocarcinoma of uterus - setastatic - e - 0 0 1 -
|MANDIBULAR LifPH WUES f Zxamised T [T55 160 o0 i 3L TS
Malignant lymphoma 9 9 10 12 16 11
Malignant myeloma 0 o 1 ¢ o0 o
Malignant histiocytona, ubrqt- 1 1 0 . | 0 1
Reticulum cell sarcoma o 0 0 1 0 0
Adenccarcinema of lungs - ;stastatic 1 0 0 0 0 0
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24=Month Carcinogenicity Study of in CD-1 Mice
Incidence of Each Type of Neoplastic Lesiom by Sex and Test Group
© A1l Mice (Groups I, II, and V) ((Comt'dl)

Study #006-007 [
MALES FEMALES
- Group L 1 v S ¢ S
HEART # Examined | 100 100 95100 100
Malignant lysphoms 1 2 2 2 4 6
Malignast histiocytoma, fidrous 0 0 0 1 0 0
Babdonyosarcoms of suricle 0 0 1 0 0 0 .
ADRTA # Exsmined 100 99 100 93 98 98
Malignant lysphoma 1 2 0 2 0 2
Tumor embolus 0 0 0 1 0 0
LUNGS WITH BRONCII # Examined 100100 100 95 100 100
Adenoma 20 16 19 10 10 1
Adenocarcinoma s 10 H R T
1 Malignant lymphoma S 8 10 11 18 14
“Malignant myeloma 0 0 2 0 0 0 ;
Malignant histiocytoma, fibrous R 0 0 0 1 o 0 !
Reticulum cell sarcoma 0 .0 0 1 0 0 :
Adenccarcinopa of sammary gland : ,
= satastatic 0 0 0 1 0 1
FTibrosarcoms - satastatic 0 0 0 0 0 1
Osteosarcoms - extraskeletal o 0 0 1] o 1 :
TRACEEA # Zxamined |60 100100 35100100 g
Malignant lymphoma 0 2 2 0 1 1 :
. !
£SOPUACUS # Examined 100 100 i00 35 100 100
Malig=an: ly_uphon.n .0 /] 0 0 1 0 l
. ! STOMACE - Cardisc # Zxamined ' T80 100 100 55100100 |
Adencas 6 3 3 1 0 0 ;
Adenocarcinoma 6 3 2 1 1 0 ;
Maligaant lymphoma 2 L) 4 S 6 4 '
Malignant lymphoma of ssophageal patt ] 0 0 0 o 1 |
Fibrosarcoma - metastatic . o o0 2 0 o 1 ;
. ..  eme e - . . " - - . ;
1stoc - Fundic ¢ Exeafsed ~ | 100 100100 35100100 ;
) H
Adenoma 2 H) 1 2 ‘
Adenocarcinoss : g : ; : i
Malignant lynthoma )
Fibrosarcoma - metastatic o 0 0 0 )
Osteosarcoma ~ extrasksletal 0 0 0 0
STOMACH - Pyloric # Ixamined .- 100100 100 95 100
..
Adencms ‘3 o0 1 0
Adenocarcinoms 3 2 3 2
Malignant lymphoms 2 2 2 4
Adenocarcinbma of uterus -~ metastatic - en o= 0
41 Fibrosarcoma = mezastatic - 0 0 ] 0
1 Leiomyosarcoma of uterus - mstastatic - e m- 0
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24-Month Carcinogenicity Study of .An CD=1 Mice
. Incidence of Each Type of Neoplastic Lesion by Sex and Test Group
ALl Mice (Groups I, II, and V) ¢ de.'d.)
Study #006-007
MALES FEMALES
Group L1 v 1 Ir v |
LIVER ¢ Examined 1060 100 100 95 100 100
Adencza of hepatocytes 15 12 17 1 4 2
Adenocarcinoms of hepatocytes 13 13 11 0 0 0
Beaangioma l 0 2 0 0 0
Malignant lymphoms 7 8 11 10 18 10
Maligoant wyeloma 1 0 2 0 [ 0
Malignant histiocytoms, fibrous 0 0 0 3 0 2
Reticulum call ssrcoma 0 0 0 1 0 0
Endomezrial stromal sarcoms - astastatic - - e 0 2 0
Hemangiosarcoma - metastatic 0 0 1 0 0 0
Leicoyosarcoma of uterus - astastatic - e - 1 1 0
GALL BLADDER # Examined T 98 96 Too 9% 99 95
- Malignant lymphoms 4 3 2 1 5 4
Malignant myeloms 0 0 1 0 0 0
Malignant histiocytoma, fibrous 0 0 0 1 0 0
KIDNEYS # Examined ) 100 100 100 95 100 100
Adencna 1 1 1 0 0 0
-~ Adenocarcinoma 1 0 1 0 0 0
Malignant lymphoms 8 9. 1 i2 20 14
Malignant zyeloma 0 0 2 0 0 0 !
Malignant histiocytoma, £ibrous 0 0 0 H 0 9
Endomezzial stromal sarcoza, unilazersl )
- DeTagtatic - - e 1 0 h] i
! 1
ADRENALS  # Zxamined 100 i00 9% .95 100 io¢C -
EH
Adencna of cortex o 1 o | o o o |
Adencza of corsical spindle cells 0 0 0 0 1 0
Adeaocarcincza of ecorzicsl spindle cells 0 0 -0 1 0 1 !
Pheochromocytoma 0 0 0 3 0 2
Malignant lymphoma 0 1 2 3 6 s |
Malignant ayeloms . 0 0 1 0 0 0
Malignant histiocytoma, fibrous 0 ‘o 0 1 0 0 I
Reticulum cell ssrcoma 0 0 . 1 0 o !
Fibrosarcoma ~ metastatic ¢ o o 1 0 o :'
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Oral administration of fenoldopam by gavage to Charles River CD-1 mice once
daily for 24 months did not result in a higher incidence of neoplasia, degree
of malignancy or multiplicity of neoplasms. See overall summary Table 3 below

provided by sponsor.

2

24~Month Carcinogenicity Study of - in CD=1 Mice
Tabdy 3 Incidence of Mice With Neoplasms by Sex and Test Group
All Mice (Groups I, II, & V)

Study #006-007

MALES FEMALES
Group I 11 v 1 11 v
’!h;nbc: of mice examined 100 100 100 95 100 100
Number of mice with neoplasus 66 69 74 66(69). 70 60
Rumber of mice with benign neoplasus 41 39 41 32(34) 33 24

Rumber of mice with malignant neoplasms 43 .44 46 51(54) 556 - 42

' Mumber of wice with multiple neoplasms 30 26 26 26(27) 30  16#1T

Percent given in parenthesis. R |

11 p < 0.05 vhen compared to Comtrol Group II
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4- r w 1 monitor
renal toxicity at 12 month sacrifice).
Testing Facilfity:

Study Number(s): Report Nos. TPO13VD and VD 4403 (Renal monitoring study).

Study Dates: December 2, 1981 (1st day of dosing) to December 5-9, 1983
(necropsy dates).

GLP Compliance: Yes
Animals: Charles River CD (Sprague-Dawley derived) albino rats, both sexes,

age about 7 weeks with an average body weight of about 252 g for males and 183
g for females at initiation of study. '

mi f : Solutions of fenoldopam in distilled

water were prepared daily. Two control and three drug treated groups of rats
received mi/kg distilled water or the drug solution once daily, 7 days a
k_by / ge. The oral route of administration was chosen because 1t 1s one
of the ed routes of administration in humans.
Dose Levels:
—No. of Rats " ‘ Days of
Group Male Female Dosage mg/kg Treatment®®
Control I 100 100 Distilled water 1-733/737
Control . I1 100 100 Distilled wWater 1-733/737
Low Dose 100 100 5 (6.57) 1-733/737
Mid Dose 100 100 10 (13.14) 1-371
15 (19.71) 372-733/737
High Dose 100 100 20 (26.28) - 1=371
25 (32.85) 372-733/737
% The dosage of is stated as the base with the
methanesulfonate in _parentheses. -
** Based on the microscopic examination of kidneys of rats (at 11 months)
from the "renal monitoring study", the doses of fenoldopam were raised
from 10 to 15 mg/kg/day and from 20 to 25 for the mid and high dose
groups, respectively, from day 372 for the remainder of the study.

The purpose of the "renal monitoring study” was to assess the extent and
progress of renal damage caused by fenoldopam during the course of the study
and to determine whether the dose in the 2-year rat carcinogenicty study
should be adjusted in the event that survival of the animals might be
Jeopardized. This study was conducted in parallel with the 2-year rat

carcinogenicity study and the one dose of fenoldopam was set to coincide with
the high dose administereq to rats in the 2-year carcinogenicity experiment.
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The one drug-treated group (25 males and 25 females) in the “renal monitoring
study"” was dosed initially with 20 mg fenoldopam/kg once daily and the
controls (15 males and 15 females) were treated with distilled water. Body
weights were recorded at least once prior to the start of drug treatment and
weekly during the dosing period. Urine samples from 10 rats/sex/group were
examined prior to the start and at every 3 months. At about 11 months (day
348), 5 rats/sex from the control group and 10 rats/sex from the drug-treated
group were killed and their kidneys were examined microscopically. Based on
the microscopic evaluation of the drug treated rats, the dose was raised from
20 to 25 mg/kg/day. After 18 months of dosing all the remaining rats were
killed and their kidneys were 2also examined microscopically.

vations/ : Rats in the 24-month carcinogenicity study were
subjected to the following in-11fe observations at the indicated intervals.

-

Evg_dvqln D!IIJ.EE D I a !

Body Weights 2X Weekly during the first
6 months and every 2 weeks
thereafter.
rooS-Fonsumption X Weekly during the first 6
(7-3ay) months; every 4 weeks for

the next ¢ months; and at
the 18- and 24-month

intervals,
Physical Examination 1X - M
(time of onset, onthly
location, size and
growth characteristics
of masses noted) .
Clinical X Pr '
Ophthsimology .73i3;3§o autopsy on days

No hematologic or clinical tests were required in the protocol.

The rats were observed daily after dosing for clinfcal signs. Rats found dead
or those killed moribund during study were autopsied and their tissues
examined grossly and processed for histopathology.

Blood smears were prepared and stained from all rats at necropsy except those
found dead during the study. ’
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The following tissues from all control and high dose rats, and all rats of the
low and middle dose groups which died or were killed moribund during the
study, were examined microscopically: all gross lesions, tissue masses,
submandibular 1ymph nodes, mammary gland, kidneys, urinary bladder, testes,
salivary gland, sternebrae or femur and bone marrow, thymus, trachea, lungs
and mainstrem bronchi, heart, thyroids (parathyroids when included in section
of thyroid), liver, pancreas, spleen, mesenteric lymph node, adrenals,
prostate, ovaries (plus mesovarium), uterus, brain (three sections including
frontal cortex and basal gangiia, parietal cortex and thalamus, and cerebellum
and pons), pituitary, eye (if grossly abnormal), esophagus, stomach, small
intestine (duodenum, jejunum, ileum) and colon.

Initially, only tissue masses and gross lesions from low and middle dose rats
killed at the end-of-study autopsy were examined microscopically.
Subsequently, as per protocol amendment, the kidneys, pancreas, testes,
stomach, lung, thyroid and adrenal glands from male and female rats of the low
and middle dose groups which survived to the end of the study were examined
microscopically so that a comprehensive evaluation of patholgical changes seen
in these tissues could be made of all dose groups in the study.

Neoplastic/other data were statistically analyzed using various methods fully
described in the NDA.

Interim Sacrifice: No.

Mortality: There were no statistically significant survival differences
between drug-treated and control groups. Survival curves for all groups were
analyzed using Kaplan-Meier estimates and survival differences were tested
using the Hilcoxon Rank test. The weekly mortality for males and females and
the cumulative mortality at weekly intervals was similar in the drug-treated
and control groups. The overall percent mortality by the end of the study
(week 106) was as follows:

Group Females (n = 100) Males (n = 100)
Contzol I ’ 72% 69%
Control II 74% 68%

Low dose ' 68% 72%
Mid dose 74% 64%
High dose 77% 76%

Findings:
There were no significant survival differences among the treated groups for
either sex.

The neoplastic Tesfons were analyzed on the basis of incidences using
Fisher's exact test. The following tumor incidence tables were provided by
the sponsor. :
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The reported incidences of tumors in control and treated rats are presented in
summary Tables 4 through 6 provided by sponsor. Overall, sponsor reports that
drug treated groups showed no significant increases in the numbers of rats
with neoplasms compared to controls (Table 4).

Table 4

2-Year Carcinogenicity Study 1h Rats
( Pemokde pom )y
Incidence of Neoplasas

A1l Animals
MALES
Group 1 n ooy 1y Y
Number of rats examined 100 100 100 100 100
Number of rats with neoplasms 78 ” 88 L} 86
Number of rats with benign neoplasas 69 68 82 68 79
Number of rats with malignant ne&pIasns 26 29 30 i 29 _ .
EEMALES
Group 1 a 1 I Y .
: Number of rats examined 100 100 100 100 99 .
T Number of rats with necplasas - R ] 1 89 93 . 94 .
Number of rats with benign neoplasas 88 [ ) 88 92 89
Number of rats with malignant neoplasas 3 36 26 . 33 a8

-
L2

L E Only gross lesions and tissues 11sted in Protocol Amendment IX were examined microscopically
in rats of the low (III) and middie (IV) dose groups killed terminally at the end-of-study

| (PREIOPIYe st b amenst)

T
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Regarding the animals found dead/moribund killed (FD/MK) during the study, the
number of male rats with neoplasms (malignant and/or benign) and the number of
male rats with benign neoplasms were significantly increased at the high dose
when compared to control Group I but not to control Group II.

Table 5

2-Year Carcinogenicity Study In Rats
CERNGLDORPAM D .
" Incidence of Neoplasms

Found Dead/Moribund Killed Animals

MALES
Group 1 1 I* v ¥
Number of rats examined 67 66 69 64 76
-Number of rats with neoplasms _ A9(73)** 51(7TT)  61(8B) 51(80) 66(87)2
Number of rats with benign neoplasms 41(61) 43(65) 57(83) 42(66) 59(78)b - |

Number of rats with malignant neoplasms 18(27) 21(32) 21(30) 24(38) 22(29)

EEMALES
Group 1 U i pUSS b 4
Number of rats examined 72 74 Ea 73 76
Number of rats with neoplasms . 65(90)** 70(95) 58(85) | 66(50)  71(93)
Number of rats with benign neoplasms 60(83) | 64(86) 57(84) 65(89) 66(87)

Number of rats with malignant neoplasms 21(29) 24(32) 18(26) 26(36) 30(39;

* A1l tissues of rats in the low (III) and middle (1V) dose groups, found dead or killed im| -

3 moribund state, were examined microscopically.
** Percent given in parenthesis.

& Comparison with Control I in Fisher's exact test is statistically significant (p « 0.032)

1L Comparison with Control I in Fisher's exact test is statistically significant (p = 0.025)
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As presented below in Table 6 ther
e
on tumor incidence in rats terminallyazi??esvzgzgfe of a drug-related effect

Table 6
F'-“\i Ld F — 2-Yu; c:;'cinoglnicity Study in hts' -
Incttecn of Mo 0
| . BAES
Group 1 )94 ur* Iy ¥
aumber of rats examined 3 34 k) 36 24
pumber of rats with neoplasms 29(88)** 28(B2) 27(87) 30(83) 20(83)
mumber of rats with benign neoplasms 28(85) 25(74) 25(81) 26(72) 20(B3)
Number of rats with malignant necphins 8(24) 8(24) 929 14(39) 7(29)
EEMALES
Group 1 un ome Y
Number of rats examined 28 2 - 32 2 23
Number of rats with n.eop‘luus 27096)** 25(%6) 31(87) 27(100) " 230100)
Number .of rats with benign neoplasas . 26(93) 25(96) 31(97) 2701000 23(100)

Number of rats with maiignant neoplasms 12(43) 12(48) B8(25) 7(26) 8(35)

* A1l tissues of rats in the lov (111) and middle (IV) dose groups, found dead or killed in
a moribund state, were examined aicroscopically. - -

(1}
*_—L;géng 42}_:\ ‘Jn" gann’thesis.
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increase in the incidence of mammary gland
fibroadenomas (low-dose- 87%1, mid-dose- 100% and high-dose- 78%) compared to
controls (Group I- 71% and Group II- 44%). Overall, the high-dose females
(FD/MK plus TK) showed an fncidence (54%) of mammary gland fibroadenoma that
was statistically significant (p = 0.04) when compared to the incidence in
females of control Group I1(40%1), but not control Group I (55%). It should be
noted that the incidence of mammary gland fibroadenoma in high-dose females
falls within the incidence range of the two concurrent control groups. The
table below, provided by the sponsor, shows the incidences (FD/MK, TK and sum
total) of mammary gland fibroadenomas in the female rats in this study.

Incidence of Mammary Gland Fibroadenoma

— I SRR § SRR § ) SRR A V
Group

M E M E M E M E M E
FD/MK  2/65 35/71 2/65 29/74 1/69 34/68 0/61 34/72 0/72 34773
TK 0/33 20/28 1/34 11725 0/1 21724 0o/0 18/18 0/24 18/23
ALL 2/98 55/99 3/99 40/99 1/70 55/92 0/6) 52/100 0/96 52/96b

The only notable neoplastic findings reported were in mammary and pituitar
lands of drug-treated females. Although not dose-related, T&—
g?ﬂﬁifreafea gem51é§'sﬁowe3 an

b Comparison with controlIl 1s statistically significant (p = 0.04).

Historical control data for mammary fibroadenoma/adenoma and pituitary adenoma
incidence in the Sprague-Dawley rat (2 yr studies) were submitted in NDA
Amendment dated 12-29-89. The following table, prepared by sponsor, shows
incidences of mammary fibroadenoma in females of 36% and 31%; these incidences
are Jower than those (71% and 78%) reported for either of the control groups
in the fenoldopam carcinogenicity study. In a later NDA Amendment, dated
02-05-90, sponsor provided additional historical control data for one of the
two 2-yr studies showing the incidence of mammary fibroadenoma in females rats
found dead as 31% (incidence for high-dose fenoldopam was 46%) and in females
IK as 40% (incidence for high-dose fenoldopam was 78%).
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Incidence of Benign Mammary Tumors (Historical Control)

Males Females

' Control | Control II Control ! Control 11
, CW.A

Fibroadenoma/adenoma 2780 (4%) o/7 (8%) -37/80 (46%X) 35/80 (a4x)
Cospeund B

::m‘m 07587 (0x) 0/57 (8%) . 28772 &Sﬂ 275 (31%)

: ".uﬂ . 0/57 (o%) 1757 (2%) 6/72 ( 8%) 13775 (17%)

’ roldencan/sdonens 0/37 (0x%) /37 {2%) 32772 (as%) 36775 (a8%)

SKLF 82526-)

Fibroadenoma 2798 (4%) 3799 (3x) 55799 (56%) 40/99 (e0%)

r“mﬂ, - ‘ 0/98 (0%) 1769 (1%) 9799 ( 9%) 793 ¢ %)

roadenoma/adencna 2/98 (4%) 4799 (&%) 64/99 (65X) 47/99 (4r1)

Regarding the incidence of pituitary adenoma (pars anterior), in high-dose
female rats FD/KM (83%) this value achieved statistical significance

(p= 0.03) when compared with the incidence (68%) in control females in Group

I, but not Group II (77%2). Similarly, the incidence (83%) of pituitary

adenoma in all high dose females (FD/KM plus TK) was statistically significant

(p= 0.03) when compared to the incidence (71%) in females in control Group I,

but not Group II (78%).

Incidence of Pituitary Adenoma

L 11 111 v

Group
M E M E M E M E

; FD/MK* 32/65 49/72 35/65 56/73 44/69 49/67 35/64 55/73
CTK** 2133 22/28 16/33 22/26 11/1) 28/28 11713 16/16

ALL  53/98 7}/100 51798 78/99 55/80 77/9s 46/77 71/89

L. E
47/74 63/762
16/23 19723
63/97 82/992

|

* FD/MK = Fouﬁd Dead or.Killed
** 7K = Terminal Killed. Horibund.

| 3 Comparison with control I §s stati#ticaliy s;gnificant

(p = 0.03).

N -

—— -
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Historical control data for pituitary tumors (NDA Amendment dated 12-29-89)
from two 2-year carcinogenicity studies in same strain of rat are presented
below in table submitted by sponsor. The incidences for pituitary adenoma in
four female control groups ranged from 75% up to 89%, which is consistent with
the incidences (71% and 78%) reported for the two female control groups in the
fenoldopam 2-year study. :

- Incidence of Pitiutary Adenoma (Historical Control)

- e N REpa— .. . e——— e . o e e e e ——— e

Males Fesales
Contre) 7 Control 11 Control } Contrel 11
Compeund A 49/77 (62%) 4«7 (54%) 60/80 {75%) 69778 (88%)
Compound B 4775 (36%) 49/74 (54%) 67/75 (89%) 64/75 (asx)
SK&F 82526-3 $3/98 (54%) $1/798 (52%) 71700 (NXT) 78/99 (78%)

In a later NDA Amendment dated 02-05-90, sponsor provided additional
historical control data for one (Compound B) of the two 2-yr studies. That
data reported the incidences of pituitary adenomas in the two control female
groups found dead as 65% and B7% and in those terminally killed as 84% and 85%
(incidence for high dose females on fenoldopam was about 83% in each case).

Sponsor stated that results of the present study and historical control data
suggest that "administration of fenoldopam had no biologically significant
effect on the incidence of pituitary adenoma in high-dose female rats in this

study.” .

o~

e
Except for the equivocal increase in mammary gland fibroadenomas in the b
high-dose females FD/MK, the results of this study suggest that oral
administration of fenoldopam to Sprague-Dawley, Charles River CD rats by
gavage, once daily for 24 months (106 weeks) at dosages of 5, 15 or 25
mg/kg/day had no effect on the incidence of benign or malignant neoplasms.

Tumor incidence data from the 2 yr rat and mouse studies of fenoldopam were
submitted, by sponsor, in computer readable format, to CDER's Division of
Biometrics on July 17, 1990.

e e e s
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Non-neoplastic drug-associated findings in rats dosed with fenoldopam for up
to 2 yrs were as follows:

There was a dose-related increase in the incidence and severity of renal
pathology in mid- and high-dose male and female rats- hyperplasia/hypertrophy
of collecting duct epithelium, inflammatory debris in collecting duct and
hyiiiilasialhypertrophy of pelvic epithelium at the tip of the renal papilla

selieved) to be related to the 7-beta-gl metabolite :ﬁfigggldopam.

Fenoldopam fncreased (p less tha dence—of/polyarteritis nodosa
pancreas,—stomach : {n_mid- and high dose ma)e~ratcTONBaTER
mate tontrols; an in

g—testes
crease (p less than 0.05) 1§ itis nodosa
(pancreas anngxgmanh) was seen 1n females
controls. CThis lesion 1s thought o result from pharmacologic activity of
0 diatedvia activation of the post-junctional dopaminergic D
receptor. Sponsor asserty that the induction of pory&?férifgs nodosa in the

Fat1s not an exclusive property of fenoldopam and that other drugs (i.e.,
caffeine and theophylline) are known to cause an increased incidence of
polyarteritis in rats upon long-term oral administration.

Regarding the salient observations in the "renal monitoring study", the 5
rats/sex from the control group and 10 rats/sex from the fenoldopam (20
mg/kg/day) treated group sacrificed on day 348 (at about 11 months) showed
spontaneous renal disease; this was slightly more severe in dosed male rats
compared to controls. Although histopathology revealed drug-related sporadic,
focal areas of renal tubular injury/regeneration in both kidneys of 8/10 male

and 1/10 fem reate —the damage was considered minor and
involved Y€ss than 5-10% of kidney tissue,/ Five of the 8 males with renal
lesions showed epithelial de us cells in the lumen of renal

tubules. One male rat showed crystalline material morphologically similar to
glucuronide conjugate of fenoldopam in the renal tubules. Urinalysis
(conducted on 10 M/F rats of both control/drug treated groups) revealed the
presence of characteristic crystals of fenoldopam glucuronide at 3-month (1
F), 6-month (4F, 3M), and 9-month (6F, 5M) intervals. At day 348 (and for 6
months thereafter), the dose of fenoldopam was raised from 20 to 25
mg/kg/day. Administration of fenoldopam at the higher dose caused renal
damage sufficient to cause death of 4 females between 12 and 18 months of
treatment. Although urinalysis was positive for crystals (glucuronide of
fenoldopam) in most rats at various intervals throughout the study, there was
rre tween cryst nd . However, the
majority of rats with positive urinary crystals, at one or more intervals,
showed evidence of renal damage (focal, moderate or in one case severe).
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Because i.v. infusion of fenoldopam for 24 hours produced dose-related
arterial lesions (intramedial necrosis and hemorrhage) in the splanchnic
and renal vasculature of the rat but not in dog or monkey, the following
studies were conducted to investigate the etiology and pathogenesis of
arterial lesions induced by the drug.

' Mode of ] Study
Scecies _Strain Mo, /Groue  Administratipn® Doses ~Duration®
fat Cr CDO** M, & I1.V. Infusion 100 mcg/kg/min 24 hours
Rat CR CD ™, &F 1.v. Infusion 100 mcg/kg/min for 1, ¢ and 8 hours 8 hours
Rat CR CD 4M, 4F 3.V. Infusion $, 100 mcg/kg/min in pgv™=" ; 24 hours
8§, 100 mcg/kg/min in 0.9% saline
Rat CR CD L] I.v. Infusion §, 100 mcg/kg/min 24 hours
fat CR CO 6 or I 1.V. Infusion 2 mcg/kg/min hydralazine HC1, 20 mcg/kg/min Na 24 hours
nitroprusside, §,20,50 and 100 mcg/kg/min
dopamine, 100 mca/ka/min of each of the
followinag: .
Rat CR CD 8§, 6or ™ 1.V, Infusion 50 mcg/kg/min of fenoldopam for 1| and & hours, 24 hours
20 mcg/kg/min of dopamine for 1, 4, and 24 hours
fRat CR CD m 1.v. Infusion 50 mcg/kg/min of fenoldopam for 4 and 24 hours, 24 hours
20 mcg/kg/min of dopamine HC1 for 4 and 24 hours
Rat CRCD 2 or 6M I.V. Infusion Each of the following alone and in combination 24 hours
with 50 mcg/kg/min of fenoldopam: 2 mcg/kg/min
of hydralazine, 20 mcg/kg/min Na nitroprusside,
. - 10 mg/kg phenoxybenzamine, subcutanously
Rat CR CD 18 or 204 1.V. Infusion 80 mcg/kg/min of Fenoldopam, 20 mcg/kg/min of 28 days
dopamine for 24 hours
Rat CRCD J=-14M 1.V. Infusion 20 mcg/kg/min propranolol, 10 mg/k phenoxybenz- 24 hours

amine s.c., 10 mcg/kg/min LY $38S
10 mca/ka/min 1-sulpiride, 10 mcg/kg/min

+ 20 mcg/kg/min Na nitroprusside,
2 mcg/kg/min hydralzaine, 1. 50 mca/ka/min
fenoldopam, 100 mcg/kg/min
50 mcg/kg/min dopamine: all drugs alone and/or
in combination with fenoldopam or dopamine
for 24 hrs.

®  The study was terminated when all infusions were completad. =

®"*" CR CD = Charles River caesarean derived rats
"=¢ pav = propylene glycol vehicle oo
(A) Serotonergic receptor antagonist

(B) The rate of infusion in§;ich"3f.these studies wis 0.005 m1/min. The
vehicle, however, varied with the study (saline, propylene glycol or Water for
Injection). :

N.B. Regarding the infusion of fenoldopam in rats for up to 8 hrs, sponsor
stated that although the drug induced smooth muscle necrosis of the media of
small arteries (effect seen after 4 hrs of infusion) in certain abdominal
organs supplied by the splanchnic arterial vasculature, the lesions were at
very low incidence and frequency. Sponsor considered that detection of
lesfons at a frequency that would allow meaningful comparison with other drugs
would probably require infusion of the drug for at least 16 hrs.
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Comments: In thé raa;‘é.vz administration of fenoldopam induced distinct
medial smooth muscte’ne is and intramedial hemorrhagic lesions of large
caliber arteries (greater than 100 um). These lesions were prevented or
attenuated by a selective dopamine DAy receptor antagonist and are therefore
believed to be caused by activation o* post-junctional dopaminergic DA;
receptors (See Fig. A on page 6 for a schematic representation of the arterial
neuroeffector junction displaying locations of dopaminergic receptor
subtypes). The lesions were confined to arteries of the renal and splanchnic
vascular beds. When damaged large caliber splanchnic and renal arteries were
allowed to recover, there was still evidence of medial hypertrophy and
periarterial 1nflammatio¥§7 Although medial smooth muscle cells are the
principal target of fenoldopam-induced vasculotoxicity, alterations in
endothelial cells may occur but these are believed to occur secondarily to
damage to medial smooth muscle cells. The rat appears to be especially
sensitive to this form of dopaminergic-mediated arterial lesion since the
lesfons have not been seen in dogs infused with fenoldopam or even dopamine.
It must be noted that when 4 male monkeys were infused with 100 mcg
fenoldopam/kg/min for 24 hrs, one animal showed intramedial necrosis and
hemorrhage in a few arterioles of the gastric submucosa and a branch of the
renal artery; however, no other arteries or arterioles of any other tissues
were reported affected.

In rat, arterial lesions of the renal, splanchnic and coronary arteries
induced by 1.v. infusion of dopamine were characterized by medial fibrinoid
necrosis and occasional intramedial hemorrhages. In addition, myocardial and
corsaa;yiartery lesions were present in rats infused with dopamine 100 or 50
mcg/kg/min. .

i
}
These studies confirmed that the arterial lesions in the rat were induced by '
fenoldopam and not by a secondary effect of the experimental procedure or the
vehicle. Medial smooth muscle cells are the principal target of fenoldopam
-toxicity in the rat. While the pharmacologic activity and arterial toxicity
of fenoldopam are linked in the rat, the biochemical events leading to
arterial damage are not known. i

Sponsor has provided in the NDA electron micrographs of the ultrastructural
arterial lesions induced by the infusions of fenoldopam or dopamine in rats.
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REPRODUCTION STUDIES

B ® e e -

f rov . -
Mode of ' Study
Seaciss _Strain Mo /Grous  Admintstration —Doses ~Buration  iaboratary
SEGMENT I - Fertility and Genera) Reproductive Perfermance Studies
Sose-Range Studiss:
fat Ck C0 [ Oral Gavage 26, 80, 75. 88, 125, 150, 200 my/kg/day Ses Note 1
Bat [« 3~ ] wr Oral Gavage 26, 80, 75, 108, 128, 150, 208 mg/ke/day See Note 3
Definitive Studies:
fat ce O awm Ors) Gavage 12.8, 37.5, 75.0 mp/kg/day See Note 2
[ 113 [« ¥~ 36F Ora) Gavape 12.5, 37.8, 75.6 sg/kg/day See Note 4
SIGMENT II - Imbryotexicity/Developmenta) Texicity
fat [~ N -] aF Oral Gavage 12.5, 25, 68, 75, 108, 125, 156, 208, See Note &
250, 300 mg/ke/day
fat [« N =] 24F Ora) Gavage 25, 100, 200 ag/kg/day See Note §
Rabbit  CR N2 o Ors) Gavape 12.85, 25, S0, 100, 200, 400, 600 ng/kg/day See Note 6
Badbit Ch a2 &F Oral Govage 400 mg/ke/day See dNote ?
Rabbit CB M4 0F Oral Gavage 6.28, 12.5, 25 mg/kg/day See Note 6
SEGMENT III - Peri-Postnata) Texieity
fat ce OO oF Oral Gavage 26, 80, 76, Y00, 125, 158, 200 ng/kg/day Ses Note 8
Rt cr C0 ¥ Ors) Gavage 26, 80, 100 myp/kg/day See Mote ¢
fat CcR CO ::-:: n ot applicable Not applicadle See Note 10
tters

Notes: 1) Hales drug-treated for 21 days prior to sating, through mating to the end of the non-tresated females® sestation (50 days).
2} Males drug-treated for 63 days prior to mating, through mating to the end of the non-treated females' sestation (94 days).
3) Females were drug-treated 11 days prior to mating, through mating to Day 20 of geststion fer caesaresn dalivery or Day 6 of
o :u:t:tim nr‘nat.uu'l :olo::ry. N

emsles were drug-trestes days prior to mating, throughout meting, te gestatien Oay 13 or Bay 2} or at weaning en 8. [
$) Fomslas were drug-trested from Day & through Oay 15 of gestation. . i :
§) Femiles ware drug-treated frem Day & throush Day 18 of sestation. id
7) Fomiles were drug-trested fram Day 6 through Day 10 of gestation. - ;
8) Females ware drug-trested from Day 15 of gestation, throush gestation to Day 6 of Vactation.
9} Females ware drug-treated from Day 15 of gestation to the end of gestation and to Day 20 of lactation. ;
18) F) (delivered of FD, drug-trasted parents. see Report VD 4603) were evaluated for physical and sexua) davelopment, H

fertility and reproductive performance. I

Results of oral reproduction studies (FDA segments I, II and III) were
nrevinuslv submitted and reviewed under IND

According to these reviews a dose-range study in female rats revealed pallor
and mottling of the kidneys in 10% of dams at 75 mg/k /day, 40% of dams at 100
mg/kg and almost all of the females at 125 or more mg’EQ with concomitant body
weight loss at 100 mg/kg and above. A high dose of 75 mg/kg/day was selected
for the definitive fertility studies. Fenoldopam produced no adverse effect
on fertility and general reproductive performance (Segment I) of male or
female rats. '

To select the high-doses of fenoldopam for Segment II studies, spomse:

performed dose-range studies in rat and rabbit. In addition, k(ﬁ’ oxicity
study with fenoldopam (400 mg/kg/dey)>-was performed in pregnant ¥IGoits (not
Segment II). Fenoldopam was suspended in a mixture of methylcellulose, PEG

400 and Tween 80. All drug treated rabbits died; gross observations revealed -
varying degrees of gast:icqmucnsg_ggggiggé. It was concluded that the lethal
effects were similar to those observe n the drug was suspended in 0.5%
tragacanth.
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In the rat teratology studdoses of 25 or 100 mg fenoldopam/kg/day (on
days 6-15 of pregnancy) protuced no evidence of maternal toxicity. The
high-dose (200 mg/kg/day based on a dose-range study) catse duction (33%)
in average food consumption and decrease (11%) in maternal body weight gain
when compared to corresponding controls throughout same dosing period; there
was some recovery during the post-treatment. The high-dose fetuses showed a
decrease (8% less than the control) in the average birth weights and is
considered related to the maternal toxicity. There was some difference
between control and high-dose fetuses in the occurrence of some skeletal
deviations (i.e, hypoplastic sternal centers- 8%, wavy ribs- 3%, incomplete
ossification of metatarsals- 21%). Although these skeletal variations were
higher than in the controls, their fncidences are still considered to be
within the normal range.

In the rabbit teratology studyggoral Loses of 6.25, 12.5 or 25 mg
fenoldopam/kg/day (days 6-18 o ancy) produced no evidence of drug

toxicity in the dams. Two malformed fetuses (delivered by Caesarean section
on day 29 of gestation) were reported in each of the control, low-dose and
high-dose groups and 1 was reported in the mid-dose group. Except for one
observation in the control group (1 fetus with spina bifida* and clubbed
1imbs), malformations (i.e., acephaly complicated with anomalies of the
extremities, abdomen, and/or thorax, gastroschisis, ectrodactyly, umbilical
hernia and bilateral forelimb flexure) in test groups have been observed in
?:e¥1ous control groups and their rates were within the historical control
mits.

Regarding peri- and postnatal studies (Segment III) in pregnant rat, although
there were s1ight decreases in food consumption/body weight gain in the
high-dose dams, oral administration of fenoldopam (25, 50 or 100 mg/kg/day)
had no adverse effect on fetal development, labor, delivery, lactation or
viability and growth of the offspring. Skeletal examination of stillborn and
pups that died during lactation revealed slight delay in ossification in 1 of
8 controls, 3 of 12 low-, 6 of 18 mid-, and 1 of 5 high-dose group pups.

APPEARS THIS WAY
~ ON ORIGINAL

**Spina bifida cystica had not been previously seen in sponsor's iaboratory in
Charles River rabbits. - _
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Summary/evaluation of Ames test (previously submitted) with fenoldopam was
performed by preceding pharmacologist R. M. Mhatre, Ph.D.

Tabulation of Studies and Summary of Results from Mutagenicity Studies
(Provided by sponsor).

——————. .o e e ol - - - e em e e e e L
Study _Concantrations (Doses) Tested —Besults
In VITRO:
Ames Assay ™ * 0.5, 1.0, 18, 100, S00, 1008 mcy(salt)/m) wegative for autagenic activity.
w/we® $-9
CHO/MGPART sasmalian Ce)) Fervard 18, 20, 35, 80, 75 mce(salt)/al wo/S-9 Nepative for mutagenic activity.
Gene Mutation Asssy xs¥ 50, 75, 100, 250, 500 mce(salt)/al w/S-9
Chramosome Absrration Amalysis 25, 100, 200, 250 mcp(sait)/al wo/S-9 Statistically significant. dase-dependent
in Chinese Wamster Ovary (CHO) 85, 175, 800, 850 mcp(salt)/m) w/S-9 increase in chromosome aderrations and
Cells uss proportien of aserrant metaphases at all gose
Tovels with $-5.° Statistically significant
increase in chromosoms sberrations ane proportien
of aserrant mstaphases at 100 and 250 mco/m)
only, without S-9,
N VIVD:
----- ~ieTeus Test war 125 mg/kg, t.9. Negative for autagenic activity.
Oose-Range Study for Bone Marrow 10, 80, 100, 325, 150 me/ky, §.p. Mot 3 test for mutagenic patential. Indication
Cytogenetics in Mice wex of cellular toxicity (increase in mean

proliferation time) seen in famales (180, 125 arw
150 mp/kg) and males (100 ®p/kg). MHigh-dose
selectes for definitive assay, famales 140 Sg/ke
and males 160 mg/ky.

. Bone Marrow Cytogenetics in Mice™™ 35, 20, 148(F), 160(M) me(salt)/ke. 1.p. Segative for mutsgenic activity.

I g_ w/wo s with/without

Comments:

Fenoldopam did not induce efther reverse or forward gene mutations when tested
in bacterial and mammalian cell assays and was considered not to be

mutagenic. However, when tested in vitro for its ability to induce
chromosomal aberrations in Chinese hamster ovary (CHO) cells, fenoldopam did
produce a statistically significant and concentration dependent increase (p
less than 0.05) 1n aberrations both in the presence and absence of a metabolic
activation system; no significant effect was noted at the low concentration of
25 ug/ml. Based on the results of this assay, the drug was judged positive in
the in vitro chromosome aberration test. The reason or the positive finding
in this assay is not known. Sponsor speculates that "it is possible that some
genotoxic substance was produced in vitro which was unique to the culture
conditions or that a short-lived genotoxic substance, such as a highly
reactive oxygen species, was produced in vitro which would not have been able
to form in enough quantity and/or for long enough in yivo to produce an
effect, due to the protective repair enzymes found in vivo. Fenoldopam did
not induce chromosomal aberrations in vivo.
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PHARMACOKINETICS

/evaluations of pharmacokinetic studies previously submitted were
g:??g;%ez by 2 preceding pharmacologists (Drs. Gar Bo Ho and W. C. Van Arsdel)

n
Eenoldopam (Provided by sponsor).
Where 14C-fenoldopam was used, the drug was labelled in the position shown

in Fig. 2. below.

ANALYTICAL METHODS
"t [216) -
HrLC (218, 219) -

Stability of fenoldopam In
£x yixo plasma [217)

EHARMACOXTINEYICS AFTER A SINGLE DOSE
Sioavailability and plasma Mouss
concentrations [225)
Bicavailability and plasma [ 14
concentrations [228, 222)
Sioavailability and plasms Oog
concentrations [220, 221)
Absorption of fenoldopam in Mouse

presence of food [226)

The specific activity ranged from 15.5 to 31.7 uCi/mg.

A '
ar
H ~
* NH . CHySO3H
O *
. —
- e e I S me i e e — e
- - Fenoldopam in plasma, alkaline extracted with ethy)
acetate, acidified and derivatized with .
pentafluoroproprionic anhydride. Sensitivity 50 ng/m). :
)
- - HPLE with electrochemical detection, fenoldopam and methoxy
metabolites alkaline extracted with ethyl acetate then with
mobile phase buffer. Linear between 0-}80 ng/ml plasma.
Limits of detection for Fenoldopam- 10-35 pa/ml, for
methoxy metadolites- | ng/m). '
- - Room temperature samples with added usoruc acid and EDYA -
rapio degradation. Samples frozen (-20°C) plus added ‘
ascorbic acid and EOTA - stadle for ) month but samples !
deteriorated bayond Lhis time. H
' !
10M-10F 50 mg/kg p.0. Plasma '9C, Cuax - 32.1,38.0 mco/ml, males and females,
respactively. Parent drug plasma Cyux - 0.48, 0.850 -ﬁ/-l '
sales and females, respectively. Bioavatlability of '%¢c - -
28X, unchanged drug - Ig.
(] 28 my/ke p.o. Plasma Qarent drug Crnax - 0.08 mcy/md
wn 39 mg/ky p.0. Plasma '4C, Cuax - 9.40 mcg/ml. Plasma parent ¢rup -
lilo acg/m)
M $0 ;g/kg p.0. Plasms parent drug x =~ §.18 mcg/m}
Sioavailability of ?"“—suw dryg @ \A .
IQA
] 10 mg/kg p.o0. Plassa parent drug Cpax - c.a;_;“u_ »
m 20 mg/kp p.o. Plassa glrmt @rup Cpax - .
M 20 mg/kg p.o. Plasm '%C, Couax - 17.9 mcp/m) flasm parent drug -
aF 10 mg/k et ol ¢ 29 mce/y ' l
®p/kg p.0. 233 parent drug Cpax - g3 \
2F 20 mg/kp p.o. -Pasma parent drug Crax - 0. ’:
SF 20 mg/kg p.o. Plasms '%C. Cuax- 17.8 mco/ml. Plasms parent drug - 1.80 X
mce/m). Sloavailability of '4C - 2¢x, unchanged drug - 32% £
N 74 mg/kg by Plasma fenoldopam concentrations variable when administered ?
sdvage, in purina chow but at times were within range of dose given
6F 1 mg/g of food by savage, indicating that sbsorption ook place. :
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Table 7

"(CMC'L 50) Steady-State Plasma Concentrations “of Fenoldopam
Following Intravenous Infusion at Different Rates

Infusion Rate Rat* & Man®
(meg/kg/min) (n=4) (n=4) (N=30)
0.025 - - 1.0 + 0.2
0.05 - - 1.6 ¥ 0.3
0.1 - - 29 + 0.8
0.25 - - 61 % 13
0.5 - - 124 + 1.7
1.0 N - - 243 ¥ 3.9
5 - 7248 =
10— 25.6 + 2.0 = -
25 79.8 & 28.6 - -
50 180.8 ¥ 26.2 761 4 96 -
100 339.6 X 48.9 = -
; BP010VD
BP012VD

€ Pooled Data From Protocols L-34, L-64, A-21.
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Table 8

Urinary Excretion® of Fenoldopan sad Netabolites After Oral or Intravenous
stration ef Fenoldopam to Animals and Man
(Bxpressed as % Dose of Fenoldopaa)

Puoldopub Fenoldopan

: @lucuronide Sulfate Methoxy®
Species/dose/sax Fenoldopam Oonjugate Conjugates Fenoldepan
Mouse )
d
58 =g 0., M N.D. 18.4 . 4.8
59 -';t:: :-9.: ’ ‘OD- 18.8 -d 1.9
10 =ng/kg, 3.v., M K.D. azr.s 13.1 28.8
16 =g/kg, i.v.) ¥ N.D. 2. 9.9 17.9
2at
25 ag/kg, peoss M 2.4-8.6 8.9-37.8 “8.7-3.8 1.4-16.4
1s ../k" oVeoy | 1.5-2.8 14.8-17.4 1.5-2.5 6.5-25.3
Dog
26 ng/kg, p.o., M 8.3-7.4 K.D.® 16.3-17.3 3.3-4.8
as .‘/k‘. ’o.-. , 1‘0"‘1'0‘ l.n- "ol-"o. '.'-‘t.
1 .‘/k‘ io'o " 1-' R.D. 1‘0'-170‘ '.l-lﬂ.‘
1 .‘/k‘: 10'0: ’ 3.3-3-‘ R-D. "n":?o’ - 1‘-‘-170‘
b | -‘/k'. 10'-. . .0“ 1.3 16.8 18.7
Nozkey .
8 .c‘/ /m/" hr i.v. 3.8 3.3 §.8 ’ - ed
8 leg/::/lialﬂi hr,i.v. 8.8 6.4 .9 Dot measured
100 ncg/kg/min/34 br,i.v. 7.3 2.9 3.5 not measured
Man (-ol.n)!
59 =g (aw=8), p.o. 8.9 13.7 a5.8 5.1
106 ng (a=58), p.o. 1.1 13.3 31.3 7.8
208 ng (o=8), p.o. . 8.8 19.89 17.5 5.9
3 to 18 ag {a=132), 1i.v. 8.1 1s.1 X.D.-8.8 a8.4

: $-24 hour ecollection interval
¢ lsncldopan released by beta-glucuronidase .
d 7- szd 8-S-methyl-fenoldepan released by glucuronidase and sulfatase
e 281l unquantified amouats
2 XD - not detectable - : :
mean of means (of the same sdministered doses) from different studies

. —
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LABELING:

The following recommendations are made with respect to the proposed package
insert:

Under the heading "Carcinogenesis/Mutagenesis/Impairment of Fertility,"

a) the description of the 24 month mouse study should be revised to read as
follows: "In a 24-month study, mice treated orally with fenoldopam at 12.5 or
25 mg/kg/day, or with 50 mg/kg/day reduced to 35 mg/kg/day on day 209, showed
no increase above control in incidence or type of neoplasms. Female mice of
the highest dosage group had an increase in incidence and degree of severity
of a fibro-osseous lesion of the sternum. Female mice in the middle and high
dose groups had a higher incidence and degree of severity of chronic nephritis
than did control mice.”

b) The following statement on fertility should be added to this section:
"Oral reproductive performance studies in male and female rats at doses up to
75 mg/kg/day have revealed no impairment of fertility."®

APPEARS THIS WAY
ON ORIGINAL

APPEARS THIS WAy
ON ORIGINAL

APPEARS THIS WARY
ON ORiGINAL
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SUMMARY AND EVALUATION:

Fenoldopam is a benzazepine derivative structurally related to
the catecholamine dopamine. The drug has

inactive. Fenoldopam mesylate 1s proposed by its sponsor for use in the
management of hypertension requiring intravenous (i.v.) treatment (e.g.,
urgent or emergent hypertension). The drug is manufactured both in

and but not marketed in any country.

Appropriate nonclinical studies have been performed to determine the
pharmacologic activity and toxicologic potential of fenoldopam. From the
results of nonclinical pharmacology studies it can be concluded that the drug
fs a dopamime receptor agonist exhibiting renal and peripheral vascular
vasodilator propertTes wWith 1Tttle or no effect on heart rate. Regarding
dopamine receptors, two subtypes (DAy and DA2) have been characterized in
the cardiovascular system. Dopamine receptor agonists are thought to lower
blood pressure by vasodilation through action on DAy receptors or inhibition
of sympathetic nerve activity by action on enoldopam,
unlike dopamine, is relatively selective for postsynaptic dopamine DAY
receptors on vascular smooth muscle.

In the rat and dog, 1.v. doses of fenoldopam (7.5 and 15 ug/kg) decrease blood
pressure and increase renal blood flow (through vasodilation). 1In the
anesthetized dog, renal vasodilation produced by 1.v. doses of =

occurs even in the presence of alpha-receptor blockade. Renal vasodilation in
-the dog tends to occur at lower doses (1-3 ug/kg/min 1.v. infusion) than
required to produce effects on systemic blood pressure and 11iac vasculature.
Intra-arterial administration of the drug (0.01-3 ug/kg) also causes renal
vasodilation and decreases in blood pressure in the dog. Intracoronary
injection of the drug in the dog causes direct coronary vasodilation with
dose-dependent increases in coronary blood flow.

The vasodilator activity of fenoldopam and degree of selectivity for the renal
vascular bed is demonstrated in the spontaneous hypertensive rat and in dog at
doses as low as 1.5 and 1 ug/kg i.v., respectively. Numerous in vivo and in
vitro pharmacology studies demonstrate the dopamine-receptor mediated activity
of fenoldopam and are concisely summarized in tables prepared by the sponsor
and included in this review. .

The toxicologic evaluation of fenoldopam mesylate, as described in this NDA,
included acute, subchronic and chronic (including carcinogenicity) toxicity
studies, reprotoxicity studies (FDA Segments I, II and III) and mutagenicity
studies. Other nonclinical studies reported included pharmacokinetics, drug
interactions, local tolerance of the injectable solution and, special {.v.
studies to clarify the mechanism of the vasculotoxic effects associated with
the i.v. injection of fenoldopam.

*McCoy, C.E. et al. "Selective Antagonism of the Hypotensive Effects of
Dopamine Agonists in Spontaneously Hypertensive Rats" in Hypertension 8(4):
298-302, 1986. ' .
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Acute 1.v LD-50 values for fenoldopam were estimated to be about 43 and 58,
mg/kg, respectively, in rat and mouse. Cyanosis, dyspnea, prostration and
respiratory arrest were dose-related and usually noted within 2 to' 3 seconds
of dosing in both species. ’

It was concluded from the oral reproductive toxicity studies that fenoldopam fo%ﬁf i

(12.5-75 mg/kg/day) produced no adverse effects on general reproductive
performance of male and female rats. Oral administration of fenoldopam was
neither embryotoxic nor teratogenic in rats at 25-200 mg/kg/day. However, the
high-dose caused, in these pregnant rats, a reduction, compared to the

control, in their average food consumption and body weight gain and a decrease

in the average birth weight of their fetuses. Oral administration of
fenoldopam to pregnant rabbits at doses of 6.25-25 mg/kg/day had no
maternotoxic, embryotoxic or teratogenic effect. In rat, peri- and postnatal
studies showed no adverse effects at oral doses of 25-100 mg/kg.

As for mutagenic potential, fenoldopam was associated with a dose-dependent
increase in chromosomal aberrations in vitro in Chinese hamster ovary (CHO)
cells. However, there was no such association in vivo in mouse bone marrow.
Furthermore, fenoldopam was negative for mutagenic potential in the Ames -
Salmonella/microsome reverse mutation and the CHO/HGPRT forward mutation
assays in vitro and the mouse micronucleous test in vivo.

In a 1-year chronic toxicity study in dog, twice daily oral administration of
5, 10 (raised after 1 month to 12.5), or 20 (raised gradually over time to 60)
mg fenoldopam/kg was reported as causing changes consistent with the
vasodilator effects of the drug (i.e., redness of the gums, sclera and skin).
Although fenoldopam did not induce toxicity in any organ system of the dog,
the mean cumulative body weight gained by the high-dose group was about 60%
less than gained by the controls.

In a 2-year oral (gavage) carcinogenicity study, fenoldopam doses of up to
35 mg/kg/day (dose reduced from 50 mg/kg after 6 months) administered to
Charles River CD-1 mouse had ng_effect either on the incidence or type of
gggglggms observed. An auxiliary group was included in the study to monitor
or renal damage because chronic nephritis was observed in mice of a 3-month
dose- range study after administration of 75 mg fenoldopam/kg/day and higher
doses. In the 2-year mouse carcinogenicity study there was a higher incidence
of a fibro-osseous lesion of the sternum in the high-dose females when T
~compared to either of two concurrent control groups (p less than 0.05 and
0707, respectively). There was also an increase in the severity of this
lesion in the high-dose mice when compared to the low-, middle-dose or control
mice. Although the sponsor reports that the sternal lesion seen in these CD-1
mice is identical histopathologically to sternal lesions reported to occur
spontaneously in aging B6C3F) mice,* the finding has been included in the
labeling for this drug.

Another non-neoplastic lesion observed in these chronically treated mice was
hroni hritis (mostly focal and bilateral). Ten male and ten female mice

of the auxiliary group were sacrificed after 6 months of dosing with 50 mg

fenoldopam/kg/day. The high incidence of chronic nephritis observed in

*Sass, B. and Montali, R., "Spontaneous Fibro-osseous Lesions in Aging Female
Mice". Laboratory Animal Science, 50: 907-909, 1980.
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‘the females (8 out of 10) and the absence of this lesion in control females
suggested a high probability of increased mortality to mice in the high dose
group in the 2-year study. Thus, the 50 mg/kg/day dose administered to mice
in the 2-year study was decreased to 35 mg/kg on day 209 for the remainder of
the study. Nevertheless, at the end of the 2-year study, chronic nephritis
occurred at higher incidence in the_mid-dose (25 mg/kg/day) and (significantly
higher, p less than 0.0001 using Fisher's Exact Test) in high-dose female mice
compared to controls.

Oral administration of fenoldopam to Charles River Sprague-Dawley CD@ by
gavage, once daily for 24 months (106 weeks) at dosages of 5, 15 or 25 mg/kg/
day (dose increased from 20 mg/kg after about 12 months) had no effect on the
incidence of benign (except for an equivocal finding of an increase in mammary
gland fibroadenomas in the high-dose females) or malignant neoplasms.

Regarding non-neoplastic lesions in the chronically treated rats, fenoldopam
was nephrotoxic in male and female £ats)of the mid- and high-dose groups (the
™™o ngEEf“ dose was 5 mg/kg/day). R dose-related effect on the incidence and
severity of renal pathology was apparent with findings (hyperplasia/hypertrophy
of collecting duct epithelium, inflammatory debris in collecting ducts and
hyperplasia/hypertrophy of pelvic epithelium at the tip of the renal papilla)
believed to be a response to chronic renal injury, possibly related to the
7-beta-glucuronide metabolite of fenoldopam (BUN and creatinine were not
examined). An increased incidence of pglx?zjgzitlsTnggggg (affecting arteries
of the pancreas, stomach, and testes) in mid- and h gh-dose male rats and in -
high-dose female rats was thought to result from the pharmacologic activity of

fenoldopam, mediated via activation of the post-junctional dopaminergic DA;
receptor. Although sponsor points out that other drugs (which increase

7 intracellular cAMP via inhibition of phospodiesterase) are also known to cause

polyarteritis in the rat (e.g., caffeine or theophylline*) upon long term oral
administration, the increased incidence of polyarteritis in high-dose rats of
this study leads to the conclusion that fenoldopam has an intrinsic capability

—~——vof~+nducing‘5359215“§rter1aI damage in rats upon oral administration.
The remainder of this evaluation will deal wit gs associated

with administration of fenoldopam. Repeated dose toxicology studies with
fenoldbpam given by the 1.v. route (bolus and infusion) were performed with
rat, dog, rabbit and monkey. Remarkable effects noted in the rat at bolus
doses of 24-32 mg/kg/day for 6 days consisted of br a,
body tremors and decreased body weight. The minimum 1.v. lethal dose ¥n Fhe
rat was 32 mg/kg [LD-50 and 95% Confidence Limits = 49.9 (41.8-59.2)mg/kg].
Dosages of~8=20 mg/kg for 14 days in rat produced vasodilation and transient
muscular hypotonia (males only); the apparent *no-effect” dose was 2 mg/kg i.v.
—_————

following’¢.v) infusion of fenoldopam. Infusion of fenoldopam (0.1-100
ug/kg/min TOr 24 hours) produced vasodilation (at 100 ug/kg/min) and
dose-related histopathologic lesions (medial s hm and
hemorrhage) ip_large caliber vessels (greater than 100 um) of the_splanchpic
and renal lature bed (at 1.0 ug/kg/min and above). One high-dose rat
developed focal areas of ischemic myocardial—gecrosis._Siﬁé “no-effect” dose

for these arterial lesions was 0.1 ug/ .
S

*Johansson, S. nCardiovascular Lesions in Sprague-Dawley Rats Induced by
Long-term Treatment with Caffeine Acta Path Microbiol Scand Sect A
89:185-191, 1981.

In rat, tgi;fsteries are the principal target of drug-induced toxicity
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/-

W

U



R R R R R E R I S PR TS S T

Page 57 - NDA 19-922

The splanchnic and renal intramedial arterial lesions induced by fenoldopam in

rat showed evidence of reversibility (by undergoing repair during the first

two weeks after infusion via smooth muscle hyperplasia/hypertrophy) by day 28
post-infusion. However, complete resolution of the arterial lesions did not

occur as the large caliber splanchnic/renal arteries still showed evidence of T
medial hypertrophy and periarterial inflammation. '

Infusion of the structurally related drug dopamine (20 ug/kg/min for 1, 4 or
24 hours) in the rat also induced splanchnic arterial lesions (minimal and
infrequent in large caliber arteries) that were morphologically identical to
those caused by fenoldopam. Dopamine-induced damage to small caliber (less
than 100 um) splanchnic arteries (medial fibrinoid necrosis) was completely
resolved by day 14 post-infusion.

In the dog, the outstanding effects of(C;;) bolus doses of the drug (0.5-8

mg/kg day for 6 days) included vasodilation and dose-related emesis. Infusion

with fenoldopam (1-150 mcg/kg/min) for 6 or 24 hours and for 6 hours/day for

14 days produced vasodilation at doses above 1 mcg/kg/min. Other effects

noted in the dog included restlessness and salivation at 75 ug/kg/min and

slight increases in heart rate at 5 and 50 ug/kg/min. Dose-related emesis,

soft stools, mydriasis, buccal and scleral redness occurred at doses of

fenoldopam ranging from 5 to 100 ug/kg/min for 6 hours/day for 14 days. Dogs

showed no ECG changes or histopathologic arterial lesions. A comparable i.v.

infusion study with dopamine (2.5-100 ug/kg/min for 6 and 12 hrs) resulted in

marked changes in the ECG at 50 mcg/kg/min and above. At these doses,

histopathology examination revealed, in small to medium sized caliber arteries ;
and arterioles, medial smooth muscle necrosis with hemorrhage and in both i
ventricles, subendocardial hemorrhage accompanied by edema and myocardial ?
necrosis at 50 mcg/kg/min with inconsistent creatinine phosphokinase levels.

In male monkeys, 24 hour@ infusions of fenoldopam (5-100 ug/kg/min)
induced, at 100 ug/kg/min, slight vasodilation in the faces of 2 of 4 :
monkeys and sporadic body jerks in one (at 22 hrs of infusion). Notable . s
histopathologic findings were observed in three out of 4 high-dose monkeys. f
One monkey showed d fa) fibrinoid necrosis yith minimal ;
intramedial hemorrhage in a few arterioles o e gastr cuEEBMUESEE' '
(comparable with lesion observed in the small caliber arteries following
dopamine infusion in rat) ial rosis with minimal evidence of
hemgrrhage in a renal arterial branch; another monkey sho
suggﬁ33t!?ET!T'!HU'THTEFETTTT!T'HEEBrrhage in the left ventricular papillary
muscle and the third monkey had crystalline deposits in the kidney causing
minimal tubular epithelial disruption. Although crystalluria (crystals of -
glucuronide conjugate of fenoldopam) was also detected in mouse at 25
mg/kg/day p.o. and above and in rat at 40 mg/kg/day p.o., sponsor reports that
those crystal deposits were dissimilar to the deposits seen in the monkey

study. The toxicologic significance to humans of these crystal deposit
findings in three different animal species is not clear.

At a meeting with the firm on Jd1y 16, 1987, Dr. Lipicky stated that the
"urinary crystals of glucuronide of the drug (reported in the rat) was a

potential safety concern that should be well addres linical
trials®.
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fenoldopam, a series o . Infusion studies (infusion durations from 1 up to
24 hours) were conducted Yo investigate the etiology and pathogenesis of the
lesions in rat and to determine the effect, 1f any, of different variables on
the production of these lesions. The results showed that the incidence and
severity of the arterial lesions appeared to be related gg;;ig;}%gl*_xn.iiuL
duration of the infusion. Ultrastructural examination of the arterial lesions
in gastric and pancreatic arteries of rats infused with 5 or 100 ug
fenoldopam/kg/min for 24 hours revealed medial smooth muscle cells undergoing
pseudovacuolization (of the type associated with vasoconstriction) and medial
cell necrosis and hemorrhage. In some areas where the medial smooth muscle
cells were affected, although the internal elastic lamina of the arteries was
unaffected, there were some areas of damage to the endothelial cells of the
vessels. In some areas of endothelial cell damage, red cells and platelets
were seen to escape from the arterial lumen into the media through
fenestrations in the internal elastic media. Observations by 1ight microscopy
raised the concern that the jum migh of ¢ damage.
Although in the animal studies there was no reported evidence of arterial
intima damage as the site of drug-induced effect, thrombosis may be a
possibility in severely affected vessels.

Because of the rat's s:gfzgtibility to arterial lesions produced by
i.

In the rat, infusion of dopamine (5-100 ug/kg/min for 24 hours) was associated
with a dose-related increase in MABP and arterial lesions and myocardial fiber
damage in all rats at the two highest doses (50 and 100 ug/kg/min). There was
a high mortality; only 2/12 rats survived the infusion with 100 mcg/kg/min
dopamine. Scanning electron microscopy of arteries of rats infused with
fenoldopam or dopamine for 24 hours showed arterial coarctation and
corrugation of the luminal surface of arteries, suggestive of segmental
vasoconstriction, The findings suggest that in the arterTal 1esToRs caused by
dopamine and fenoldopam, endothelial damage is progressive and that dopamine
causes more extensive endothelial damage than fenoldopam. Focal distribution
of lesions, with unaffected segments of arteries lying between damaged ones,
suggests that vasoconstriction may be involved in the pathogenesis of the
arterial lesions. Arterial lesions produced by 24-hour infusions of the R-
and S- isomers of fenoldopam and other benzazepines were identical to those
descTibed with 24-hour infusion of the racemic fenoldopam (e.g., intramural
hemorrhage and medial necrosis in arteries of renal and splanchnic vascular
beds). The co-administration of other drugs with fenoldopam did not alter the
morphology of the arterial lesfons induced by fenoldopam alone.

Regarding the pathogenesis of arterial lesions caused by fenoldopam, the use
of a selective dopamine DAy receptor antagonist F 83566-C), prevented

and attenuated the fenoldopam arterial lesion. (This finding suggests that
activation of post-junctional dopaminergic DAy receptors is causally :
associated with the induction of fenoldopam medial necrosis and hemorrhage in
large caliber (100-800 um) arteries in rat. Further, co-administration of
phenox¥benzam1ne and either fengldopam or _dgpamine increase e incidence and
severity of the hemorrhagic lesions in/Jarge)caliber arteries indicating that
maintenance of vascular tone or some imteraction between DA} and '
alpha-adrenoceptors plays a role in the induction of these types of lesions.
Finally, in rat, concurrent administration of phenoxybenzamine, SK&F 83566-C
and dopamine, eliminated the fibroid lesions of vessels and the
hemorrhagic lesions in larger arteries induced by Uopamine.
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The rat appears to be uniquely susceptihle to the arterial toxiciti-Th4uced by
dopaminergic agents; such lesions were een in the/dog or the monkey at
f.v. dosages up to 100 ug/kg/min. Thisose is at Iea;t—so to 100 times the
recommended human f.v. infusion dosage (range 0.1 to 1.6 ug/kg/min) which is
said to be efficacious in reducing blood pressure without any adverse effect
on the peripheral vasculature. :

Pharmacokinetics and metabolism of fenoldopam have been reported for mouse,
rat, dog, monkey and man. Following 1.v. infusion of the drug in rat, dog and
man, steady-state plasma concentrations of the drug were achieved, usually
within 30 to 60 minutes after the start of infusion with mean steady-state
plasma concentrations proportional to infusion rate (Table 7).

Following 1.v. administration, the elimination half-lives of fenoldopam in the
rat and dog were approximately 10 and 12 minutes, respectively. The alpha
disposition half-1ife in man, accounting for 9741 of the total area under the
curve, was approximately 6 minutes. Albumin appears to be the major binding
protein in plasma in all species studied.

Fenoldopam is metabolized in the liver. 1In mouse, rat, dog and monkey i.v.
administered fenoldopam was excreted in the urine and feces as the unchanged
drug and metabolites. The urinary metabolic profile of fenoldopam (Table 9)
indicated that the same metabolic pathways were utilized by the species
studied, although quantitative differences were noted between species and
route of administration. The major metabolic pathway for fenoldopam in the
mouse, rat and man was the 7-beta-glucuronide (insignificant in the monkey and
dog). Sulfate conjugation was a major pathway in dog and man and a minor
pathway in the mouse, rat and monkey. In mouse, rat, dog and man,
O-methylation to form 7- and 8-methoxy fenoldopam was a minor pathway
following oral or i{.v. administration (the methoxy derivatives were not
measured in monkey). These methoxy metabolites were mainly conjugated as
sulfates in the dog but were only partially conjugated in the mouse and rat.
Various studies suggest only weak activity with the methoxy and glucuronide
metabolites. As for the 7- and 8-sulfate metabolites (SK&F 87783 and SK&F
87782, respectively), i.v. infusion at high doses (100 to 1000 times
equieffective doses of fenoldopam) did increase the RBF in conscious dog with
no effect on HR. This finding suggests that in the dog, the sulfate
metabolites undergo in vivo conversion back to fenoldopam.

In conclusion, fenoldopam is a benzazepine derivative structurally related to
dopamine. Nonclinical testing with the drug has been extensive; toxicity
studies followed FDA guidelines. The results submitted show that fenoldopam
s a vasodilator drug which dilates both renal and peripheral vascular beds
with 1ittle or no effect on heart rate. Unlike dopamine, the drug is
relatively selective for postsynaptic dopamine DA; receptors on vascular
smooth muscle. Fenoldopam, as an injectable formulation, is proposed for the
management of hypertension in patients requiring prompt control by 1.v.
therapy. In the species studied, oral administration of fenoldopam showed no
carcinogenic potential, no teratogenic potential and no reproductive
toxicity. Although in vitro the drug was associated with chromosomal
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aberrations in CHO cells, there was no evidence of mutagenicity in other in
vitro and (one) in vivo tests. In the species studied, continuous i.v.
administration of fenoldopam showed the rat to be uniquely sensitive to
drug-induced arterial lesions of large caliber splanchnic and renal arteries.
Histopathologic examination of these arteries of rats infused for 24-hours
with fenoldopam revealed intramedial cell damage, sometimes accompanied by
endothelial cell damage. Damage to endothelial cells was evident in the .
gastric serosal arteries of 3/16 rats infused at 100 ug/kg/min for 24 hrs
(medial necrosis and hemorrhage were advanced in these animals). The drug is
metabolized in the 1iver; the major metabolite of fenoldopam in the mouse, rat
and man {s the 7-beta-glucuronide.

After repeated oral doses of fenoldopam, a common finding 1n rat and mouse was
crystalluria (crystals identified as 7-beta-glucuronide). Regarding
consistency of toxic effects induced by fenoldopam, crystaliuria in two
(possibly three) animal species is remarkable. In rat, when fenoldopam was
administered orally there was a consistent pattern of renal toxicity in
subchronic and chronic studies with the total daily doses required to induce
nephrotoxicity reduced with increasing duration of exposure. Clinical
chemistry measurements indicated an increase in serum BUN and creatinine in
the 3-month study but there was no increase in these parameters in the
12-month study; no clinical chemistries were performed in the 18-month or
2-year studies. Regarding the nephrotoxicity in the 2-year rat study, an
increase in the incidence and severity of hyperplasia/hypertrophy of
collecting duct epithelium at the tip of the renal papilia was most evident at
the high-dose. Although chronic nephritis was reported in both control and
fenoldopam treated mice in the 2-year carcinogenicity study, the
incidence/severity of the nephritis was significantly greater (p less than
0.01) in the females of the high-dose group (50 mg/kg/day reduced to

35 mg/kg/day on day 210). :

RECOMMENDATIONS:

1. NDA 19-922 for fenoldopam mesylate injection is approvable from the
preclinical viewpoint.

2. The labeling is inadequate from the standpoint of content of the section on
"Carcinogenesis, Mutagenesis, Impairment of Fertility". (See recommended
wording under Labeling .) :

Estela A. Gonzalez Barry
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